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ABSTRACT 
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The s ta te  of t h e  a r t  of t h e  welding of s t a i n l e s s  steels 

Welding prepara t ions ,  s p e c i f i c  welding processes,  welding OB 

metals, and j o i n t  q u a l i t y  a r e  d iscussed .  

volved when welding s t a i n l e s s  steels a r e  covered i n  terms of t h e i r  metal-  

The me ta l lu rg i ca l  f a c t o r s  i n -  

lographic  c h a r a c t e r i s t i c s ,  i . e . , :  a u s t e n i t i c ,  f e r r i t i c  and marter is i t ic  

a l l o y s .  Methods of d i s t o r t i o n  con t ro l  a r e  discussed.  The norifusion 

welding processes,  s o l i d  s ta te  welding, brazing and lde r ing  a s  appl ied  

t o  s t a i n l e s s  steels a r e  reviewed. An Appendix d e t a i l s  t h e  bas i c  charac- 

te r i s t i cs  of s e v e r a l  welding processes.  
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PREFACE 

This  r e p o r t  i s  one of  a series of s t a t e- of- the- a r t  r e p o r t s  be ing  prepared by 

B a t t e l l e  Memorial I n s t i t u t e ,  Columbus, Ohio, under Contract  No.  DA-Ol-O2l-AMC-l1651(Z), 

i n  t he  genera l  f i e l d  of m a t e r i a l s  f ab r i ca t ion .  

It reviews p r a c t i c e s  f o r  j o in ing  s t a i n l e s s  steels.  Discussions are presented 

t o  provide 

(1) Information on jo in ing  p repa ra t ions  

(2) Information on jo in ing  processes 

( 3 )  Information on j o i n t  q u a l i t y .  

Techniques and s p e c i a l  cons idera t ions  t h a t  a r e  normally followed when j o i n i n g  

s t a i n l e s s  s t e e l s  a r e  described.  

The information covered was obtained from producers of s t a i n l e s s  s t e e l s ,  equip- 

ment manufacturers ,  t echn ica l  pub l i ca t ions ,  r e p o r t s  from Government c o n t r a c t s ,  a.id 

from in terv iews  with engineers  employed by major f a b r i c a t o r s  and producers of these  

s t a i n l e s s  steels. Data from r e p o r t s  and memoranda i ssued  by t h e  Defenze Metals 

Information Center ,  and from I n t e r n a t i o n a l  I n s t i t u t e  of  Welding r e p o r t s ,  a l s o  were 

used.  Experience gained dur ing  the  prepara t ion  o f  previous r e p o r t s  i n  t h e  s e r i e s  

has a l s o  helped i n  the  prepara t ion  of  t h i s  r epo r t .  

The l i t e r a t u r e  search  f o r  t h i s  program began with 1955. I n  accumulating the  

information necessary t o  prepare t h i s  r e p o r t ,  t he  following sources wi th in  B a t t e l l e  

were searched,  covering t h e  period January,  1955, t o  the present :  

Defense Metals  Information Center 

Main Library  

S l a v i c  LiSrary 
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Techn ica l  J o u r n a l  Indexes  f o r  t h e  p e r i o d  of 1955 t o  t h e  p r e s e n t  a l s o  were searched  

(Ref. l ) ,  and in fo rma t ion  vas ob ta ined  from sources  o u t s i d e  o f  B a t t e l l e ,  v i z . ,  t h e  

Eedstone S c i e n t i f i c  In fo rma t ion  Cen te r  (Refs.  2 and 3 ) ,  t h e  Defense Documentation 

Center  (Ref. 4 ) ,  and t h e  NASA S c i e n t i f i c  and Techn ica l  In fo rma t ion  F a c i l i t y  (Ref. 5) .  

S e l e c t e d  r e f e r e n c e s  pub l i shed  p r i o r  t o  1955 were used a l s o  where t h e s e  r e f e r e n c e s  

con ta ined  b a s i c  i n fo rma t ion  t h a t  has  remained v a l i d  t o  t h e  p r e s e n t  t i m e .  

Pe r sona l  c o n t a c t s  a l s o  were made w i t h  t h e  fo l lowing  i n d i v i d u a l s  and 

1 

o r g a n i z a t i o n s :  

A i r  Reduct ion Company, I n c .  

Ai rco  t l e ld lng  P roduc t s  D i v i s i o n  

P. 0. Box 486 

Union, New J e r s e y  07013 

A. 11. Kugler  

Allegheny Lzdluni S tee l  Corpora t ion  

Oliver B u i i d i n g  

P i t t s b u r g h  , Pennsylvania  

G. Aggen 
John Paulus  
Doyle Smee 

American S o c i e t y  f o r  M e t a l s  

P'letals Pa rk ,  Ohio 44073 

A. S .  Gray 

American Welding S o c i e t y ,  I n c .  

Uni ted  Eng inee r ing  Cen te r  

345 East 47 th  S t r e e t  

Net1 York, N e w  York 10017 

Edward A. Fenton 
T. P. Schoonniaker 
A. L. P h i l l i p s  

AMF E e a i r d ,  I n c .  

P. 0. Box 1115 

Shrevepor t ,  Lou i s i ana  71100 

R. Neisenbach 

Alnico S tee l  Corpora t ion  

Ba l t imore ,  Maryland 

Harry Espy 
J. Junod 

Arinco S t e e l  Corpora t ion  

Pliddletown, Ohio 

G. E .  L i n n e r t  
H. S .  'White 
L. Looby 

A s  t r o Met a 1 l u  r g i c a 1 

!3ooster, Ohio 

R. S .  Emlong 

Corpora t i o n  

Eoeing A i r p l a n e  Company 

S e a t t l e ,  Washington 

A. PI. Scroogs 
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Cruc ib l e  S t e e l  Company o f  America 

P. 0. Box 988 

P i t t s b u r g h ,  Pennsylvania  15230 

E .  J .  D u l i s  
V .  W. Thompson 

Ford Motor Company 

P h i l c o  Corpora t ion  

Aeronu t ron ic  D i v i s i o n  

Ford Road 

Newport Beach, C a l i f o r n i a  92663 

A. J .  Wil l iams 

General  E l ec t r i c  Company 

F l i g h t  P ropu l s ion  Labora to ry  Department 

C i n c i n n a t i  13, Ohio 

v. A. Hut ton  

Gregory I n d u s t r i e s ,  I n c .  

Toledo Avenue and East 28th S t r e e t  

L o r a i n ,  Ohio 

R. C.  S i n g l e t o n  

Crumman A i r c r a f t  Eng inee r ing  Corpora t ion  

South Oys te r  Bay Road 

Be thpage  

Long I s l a n d ,  N e w  York 11714 

Hobart  Techn ica l  Ceiiter 

Hobart  B r o t h e r s  Company 

Troy,  Ohio 

Howard Cary 
I). Conltlin 

I n d u s t r i a l  S t a i n l e s s  S t e e l  Corpora t ion  

Cambridge, Massachuse t t s  

E dmund Ma 1 co l m  

King F i f t h  Wheel Company 

Mountaintop,  Pennsylvania  

A. S. Mar t in  
J .  Suchecki  

Langley Research  Cen te r  

Langley S t a t i o n  

Hamp t o n ,  V i r g i n i a  

Floyd L. Thompson, D i r e c t o r  

Ling-Temco-Vought , I n c .  

P. 0. Box 5003 

D a l l a s  , Texas 75222 

A .  L. Schoeni  

Lockheed A i r c r a f t  Company 

Missiles and Space  D i v i s i o n  

Sunnyvale,  C a l i f o r n i a  

Glenn E.  Faulkner  
Cecil K l ine  
Richard  E .  Lewis 

McDonnell A i r c r a f t  Corpora t ion  

Box 516 

S t .  Lou i s ,  Mis sou r i  63166 

Edward J. Regan 
Hoxard J.  S i e g e 1  
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Menasco Manufac tur ing  Company 

805 South Fernando Boulevard 

Burbank, C a l i f o r n i a  91503 

Sumner Smith 

Mills-Wolf Company 

Bedford, Ohio 

Don Wolf 

N a t i o n a l  Aeronau t i c s  and Space  
A d m i n i s t r a t i o n  

Lewis Research  Cen te r  

Techn ica l  I n f o n n a t i o n  Cen te r  

21000 Brookpark Road 

Cleve land ,  Ohio 44135 

George Mandel, A s s i s t a n t  Chief  

N a t i o n a l  Aeronau t i c s  and Space 
A d m i n i s t r a t i o n  

Marsha l l  Space F l i g h t  Center  

Welding Development Group 

Manufac tur ing  Eng inee r ing  Labora tory  

H u n t s v i l l e ,  Alabama 

Frank Jackson 

North American A v i a t i o n  

Columbus D i v i s i o n  

Columbus , Ohio 

George M a r t i n  

V 
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Oak Ridge,  Tennessee 

E .  C.  Miller  
Gera ld  M. S l a u g h t e r  
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J i m  Browning 
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TECHNICAL MEMORANDUM X-5 35 76 

WELDING OF STAINLESS STEELS 

SUMMARY 

S t a i n l e s s  s t ee l s  can  be j o i n e d  by t h e  commonly used fus ion- weld ing  p roces ses ,  

by b r a z i n g  and s o l d e r i n g ,  and by s o l i d - s t a t e  j o in ing  p roces ses .  Usual ly ,  s t a i n l e s s  

s tee l s  are used i n  a p p l i c a t i o n s  t h a t  r e q u i r e  good c o r r o s i o n  r e s i s t a n c e ,  s t r e n g t h  

and c r e e p  r e s i s t a n c e  a t  h i g h  t empera tu re s ,  o r  toughness a t  c ryogen ic  tempera tures .  

These a p p l i c a t i o n s  a l l  r e q u i r e  e x c e l l e n t  q u a l i t y  o f  welded or  brazed  j o i n t s .  

H igh- qua l i t y  j o i n t s  can be ob ta ined  i f  c l o s e  a t t e n t i o n  i s  g iven  t h e  d e t a i l s  

of t h e  j o i n i n g  o p e r a t i o n  and approved p r a c t i c e s  a r e  fo l lowed.  Procedures  f o r  

j o i n i n g  s t a i n l e s s  s tee ls  are more c r i t i c a l  t h a n  f o r  carbon o r  low- al loy  s t ee l .  

The s p e c i f i c  welding p r a c t i c e s  t o  be used d i f f e r  w i t h  t h e  class of s t a i n l e s s  

s tee l  - a u s t e n i t i c ,  f e r r i t i c ,  o r  m a r t e n s i t i c  be ing  welded. The composi t ion  o f  

t h e  e l e c t r o d e  o r  f i l l e r  w i r e  used i n  a r c  welding s t a i n l e s s  s teels  must be 

matched t o  t h e  base- meta l  composi t ion  t o  i n s u r e  sound welds .  S p e c i a l  p r e c a u t i o n s  

a r e  r e q u i r e d  t o  p re se rve  good c o r r o s i o n  r e s i s t a n c e  of  t h e  w e l d  j o i n t s .  The 

a u s t e n i t i c  s t a i n l e s s  s teels  a r e  r e a d i l y  weldable  by a l l  p roces ses .  Welds i n  t h e  

f e r r i t i c  and m a r t e n s i t i c  s t a i n l e s s  s tee l s  t end  t o  be  b r i t t l e  a l t hough  d u c t i l i t y  

can  be r e s t o r e d  i n  m a r t e n s i t i c  s t a i n l e s s  s tee l  welds by h e a t  t r e a t i n g .  Ca re fu l  

prewelding c l e a n i n g  procedures  are r e q u i r e d  t o  p reven t  con tamina t ion  of  t h e  weld 

j o i n t .  The p r e c a u t i o n s  i n  b r a z i n g  s t a i n l e s s  s t ee l s  are s imi lar  t o  t h e  a r c -  

welding p r e c a u t i o n s :  c a r e f u l  c l e a n i n g ,  c l o s e  c o n t r o l  of  t h e  o p e r a t i o n ,  and proper  

s e l e c t i o n  o f  t h e  f i l l e r  metal ,  



INTRODUCTION 

S t a i n l e s s  steels are a l l o y  s teels  t h a t  are c h a r a c t e r i z e d  by t h e i r  h igh  

degree  of  r e s i s t a n c e  t o  c o r r o s i o n  by a wide range o f  h i g h l y  a c t i v e  s o l u t i o n s ,  

a c i d s ,  a tmospheres,  e tc .  Th i s  group o f  s teels  a c h i e v e s  t h i s  h i g h  r e s i s t a n c e  t o  

c o r r o s i o n  by v i r t u e  of i t s  h igh  chromium c o n t e n t :  between about  12  and 24 pe rcen t .  

Most o f  t h e s e  s teels  a l s o  have e x c e l l e n t  r e s i s t a n c e  t o  o x i d a t i o n  and s c a l i n g  a t  

h i g h  t empera tu re s  and r e t a i n  good s t r e n g t h  and c r e e p  r e s i s t a n c e  a t  much h i g h e r  

t empera tu re s  t h a n  do most o t h e r  s tee l s .  A t  t h e  o p p o s i t e  end of  t h e  tempera ture  

s c a l e ,  c e r t a i n  o f  t h e  s t a i n l e s s  s tee l  a l l o y s  have e x c e l l e n t  toughness and d u c t i l i t y  

a t  v e r y  low t empera tu re s  - i n  t h e  tempera ture  range of  l i q u i d  gases .  I n  a d d i t i o n ,  

most s t a i n l e s s  s tee ls  are r e a d i l y  weldable .  

Th i s  r a t h e r  remarkable combinat ion o f  p r o p e r t i e s  has  r e s u l t e d  i n  a broad 

range o f  a p p l i c a t i o n s  f o r  s t a i n l e s s  s tee l s .  S t a i n l e s s  s t ee l s  have come t o  be 

cons ide red  t h e  s t a n d a r d  material of  c o n s t r u c t i o n  i n  t h e  chemical  i n d u s t r y .  

Welded t u b i n g ,  p i p i n g ,  and v e s s e l s  i n  a broad range of  s i z e s  and shapes  are made 

from v a r i o u s  s t a i n l e s s  s tee l s .  For  c ryogenic  a p p l i c a t i o n s ,  s t a i n l e s s  s t e e l  i s  

unsurpassed .  S t o r a g e  vessels and t r a n s f e r  l i n e s  f o r  hand l ing  l i q u i d  oxygen, 

hydrogen, e tc .  are f a b r i c a t e d  from s t a i n l e s s  s tee l s .  Ground suppor t  f a c i l i t i e s  

f o r  miss i le  systems u t i l i z i n g  l i q u i d  oxygen r e q u i r e  e x t e n s i v e  s t a i n l e s s  s tee l  

welded c o n s t r u c t i o n s .  Missiles and space  b o o s t e r s  u se  welded s t a i n l e s s  s t ee l  

p ip ing  sys tems f o r  f u e l  and o x i d i z e r .  Nuclear  r e a c t o r s  and power g e n e r a t o r s  

r e q u i r e  s t a i n l e s s  s t e e l  f o r  s t r u c t u r a l  s e r v i c e  and h e a t - t r a n s f e r  loops .  I n  

a d d i t i o n ,  t h e r e  i s  a broad usage of  s t a i n l e s s  s t ee l  i n  such f i e l d s  as consumer 

p roduc t s ,  au tomot ive ,  food h a n d l i n g ,  steam power sys tems,  e tc .  
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There are t h r e e  classes o f  s t a i n l e s s  steels:  

. (1) A u s t e n i t i c  chromium n i c k e l  

(2) F e r r i t i c  chromium 

( 3 )  M a r t e n s i t i c  chromium. 

The class t o  which a p a r t i c u l a r  s t a in l e s s  s tee l  be longs  i s  de termined  by i t s  

chemical  composi t ion.  The composi t ion  of  t h e  s t ee l ,  i n  t u r n ,  de te rmines  i t s  

m e t a l l u r g i c a l  m i c r o s t r u c t u r e  which i s  t h e  d i s t i n g u i s h i n g  c h a r a c t e r i s t i c  of each  

c lass .  Techniques and p roces ses  f o r  weld ing  each  c l a s s  are similar. 

Procedures  f o r  welding s t a i n l e s s  s t e e l  have been developed and p e r f e c t e d  

over  a pe r iod  o f  some 40 t o  45 y e a r s .  Ex tens ive  u t i l i z a t i o n  o f  s t a i n l e s s  s t ee l s  

began around 1920 and t h e  development of weld ing  procedures  began a lmost  

immediately. The s t u d y  o f  weld ing  problems and improvement o f  weld ing  procedures  

s t i l l  are be ing  pursued today .  However, p rocedures  and materials have been 

developed t o  t h e  p o i n t  where few problems w i l l  a r i s e  i n  t h e  welding of s t a i n l e s s  

s tee l  p rov id ing  c l o s e  adherence  t o  approved p r a c t i c e s  are fo l lowed.  It i s  t h e  

purpose o f  t h i s  r e p o r t  t o  d i s c u s s  t h e s e  p r a c t i c e s  s o  t h a t  problem areas can  be 

a n t i c i p a t e d  and avoided .  

Procedures  f o r  weld ing  s t a i n l e s s  s tee l  a r e  more p r e c i s e  and c r i t i c a l  t h a n  

f o r  welding carbon o r  most low- al loy  s teels .  However, s t a i n l e s s  s tee l  is e a s i e r  

t o  weld t h a n  t i t a n i u m  and some of t h e  n i cke l- base  and s u p e r a l l o y s .  The impor t an t  

f a c t o r s  t h a t  must be cons ide red  i n  weld ing  s t a i n l e s s  s t e e l  a r e  (1) composi t ion  

o f  t h e  base  metal,  (2 )  s e l e c t i o n  o f  t h e  f i l l e r  metal, ( 3 )  s e l e c t i o n  of  t h e  weld ing  

p roces s ,  and ( 4 )  c l o s e  adherence  t o  e s t a b l i s h e d  weld ing  p r a c t i c e s  and t echn iques .  

D i scuss ion  o f  t h e s e  f a c t o r s  i s  inc luded  i n  t h e  v a r i o u s  s e c t i o n s  o f  t h i s  r e p o r t .  
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MATERIALS 

S t a i n l e s s  s teels  are a f ami ly  o f  i ron- base  a l l o y s  having  e x c e l l e n t  r e s i s t a n c e  

t o  c o r r o s i o n  and h e a t .  They do not  r u s t  and s t r o n g l y  res is t  be ing  a t t a c k e d  by 

a g r e a t  many l i q u i d s ,  g a s e s  and o t h e r  chemica ls .  Many o f  t h e  s t a i n l e s s  s t ee l s  

a l s o  have good low- temperature toughness  and d u c t i l i t y .  Stainless s tee ls  e x h i b i t  

good s t r e n g t h  p r o p e r t i e s  and r e s i s t a n c e  t o  s c a l i n g  a t  h i g h  t empera tu re s .  

TYPES AND PROPERTIES 

S t a i n l e s s  s tee l s  are c o r r o s i o n  r e s i s t a n c e  because of  t h e i r  h i g h  chromium 

c o n t e n t .  A t  least  11 -1 /2  p e r c e n t  of  chromium i s  r e q u i r e d  t o  impar t  c o r r o s i o n  

r e s i s t a n c e .  For  b e t t e r  c o r r o s i o n  r e s i s t a n c e  more chromium u s u a l l y  i s  added w i t h  

most s t a i n l e s s s t e e l s  c o n t a i n i n g  around 18 pe rcen t  chromium. 

Othe r  a l l o y i n g  e lements  a l s o  are added t o  s t a i n l e s s  s tee ls  (Ref. 6 , 7 , 8 , 9 ) .  

I n  some c a s e s ,  t h e s e  o t h e r  a l l o y i n g  e lements  i m p a r t  s t i l l  b e t t e r  c o r r o s i o n  r e s i s t a n c e .  

I n  o t h e r  c a s e s ,  t h e y  improve f o r m a b i l i t y ,  i n c r e a s e  s t r e n g t h ,  o r  improve w e l d a b i l i t y .  

Nicke l  i s  t h e  most commonly used a d d i t i o n a l  a l l o y i n g  element  i n  s t a i n l e s s  s tee l s .  

S t a i n l e s s  s teels  are b road ly  d i v i d e d  i n t o  t h r e e  groups acco rd ing  t o  t h e i r  

composi t ion  and m e t a l l u r g i c a l  c h a r a c t e r i s t i c s .  These a r e :  

(1) A u s t e n i t i c  chromium-nickel s t a i n l e s s  s teels  

(2) F e r r i t i c  (nonhardenable)  chromium s t a i n l e s s  s t ee l s  

( 3 )  M a r t e n s i t i c  (ha rdenab le )  chromium s t a i n l e s s  s tee ls .  

The s tee ls  w i t h i n  each  g roup  d i s p l a y  s i m i l a r  p r o p e r t i e s  and weld ing  c h a r a c t e r i s t i c s  

a l t h o u g h  t h e r e  are some i n d i v i d u a l  d i f f e r e n c e s .  The composi t ions  o f  t h e  v a r i o u s  

s t a i n l e s s  steel a l l o y s  are r e a d i l y  a v a i l a b l e  i n  the l i t e r a t u r e .  Room t empera tu re  

and e l e v a t e d  t empera tu re  p r o p e r t i e s  of s t a i n l e s s  steels can  a l s o  b e  found i n  the 
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l i t e r a t u r e .  Low- temperature p r o p e r t i e s  of some of  t h e  a u s t e n i t i c  stainless steels 

arc shown i n  F i g u r e  1, other d a t a  are found i n  t h e  l i t e r a t u r e  (Ref. 12).  

The a u s t e n i t i c  chromium-nickel s t a i n l e s s  s t ee l s  make up t h e  l a r g e s t  and most 

co-monly used group of s t a i n l e s s  s tee l s .  

a r e  i n  t h i s  c l a s s .  Most of  t h e  s t a i n l e s s  s t ee l s  i n  t h i s  class are r e a d i l y  weldable  

by any arc o r  r e s i s t a n c e- w e l d i n g  p roces s .  The Type 303, 303Se, and 347FSe are 

f ree- machin ing  g rades  and a r e  v e r y  seldom welded. 

A 1 1  o f  t h e  Type 200 and 300 series 

The f e r r i t i c  chromium s t a i n l e s s  s t ee l s  i n c l u d e  t h e  a l l o y s  of t h e  n i c k e l -  

f r e e  400 ser ies  of s t a i n l e s s  s tee ls  t h a t  c o n t a i n  over  abou t  14 pe rcen t  chromium. 

Welds i n  t h e s e  s t ee l s  are b r i t t l e  and have low- corros ion  r e s i s t a n c e  i n  t h e  a s -  

welded c o n d i t i o n .  Anneal ing a f t e r  weld ing  i s  r e q u i r e d  t o  res tore  d u c t i l i t y  and 

c o r r o s i o n  r e s i s t a n c e .  

Some of  t h e  400 s e r i e s  a l l o y s  g e n e r a l l y  c o n t a i n  less t h a n  14 pe rcen t  chromium 

and more ca rbon  t h a n  t h e  f e r r i t i c  s t ee l s .  These a r e  t h e  m a r t e n s i t i c  chromium 

s t a i n l e s s  s tee l s .  These a l l o y s  can  be hardened by h e a t  t r ea tmen t .  

METALLURGICAL FACTORS I N  THE WELDING OF STAINLESS STEELS 

I n  weld ing  s t a i n l e s s  s tee ls  i t  i s  e s s e n t i a l  t o  use  methods which p re se rve  

t h e i r  d i s t i n c t i v e  p r o p e r t i e s  and h igh  q u a l i t y .  Thus, weldments should  be made 

which are adequa te  i n  soundness and s t r e n g t h ,  and r e t a i n  a s u f f i c i e n t l y  h i g h  

degree  of c o r r o s i o n  r e s i s t a n c e  and good appearance ,  t o  meet t h e  needs of t h e  

i n t ended  a p p l i c a t i o n .  To accomplish t h e s e  ends  w i t h  s u c c e s s ,  it i s  neces sa ry  t o  

have a knowledge o f  t h e  m e t a l l u r g i c a l  s t r u c t u r e  of  s t a i n l e s s  s t e e l s  and o f  t h e  

s t r u c t u r a l  changes which may occu r  when t h e s e  s teels  are  welded. 

A u s t e n i t i c  Chromium-Nickel S t a i n l e s s  S t e e l s .  The chromium-nickel s t a i n -  

less  s tee ls  have a m i c r o s t r u c t u r e  which i s  composed e s s e n t i a l l y  of  t h e  tough,  

d u c t i l e ,  nonmagnetic a u s t e n i t i c  phase. Accordingly ,  t h e s e  s teels  a r e  ca l l ed  a u s t e n i t i c  
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Temperature, K 

FIGURE 1. LOW-TEMPERATURE STRENG'I'HS OF SOME AUSTENITIC STAINLESS 
STEELS (REF. 13,  14) 
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s t a i n l e s s  s tee l s .  However, a small amount o f  s o f t ,  magnet ic  f e r r i t e ,  u s u a l l y  less 

t h a n  10 p e r c e n t ,  may be p r e s e n t  i n  some t y p e s  o f  a u s t e n i t i c  s t a i n l e s s  s tee l s .  ' 

'The amount of  f e r r i t e  i n  t h e  s t r u c t u r e  depends l a r g e l y  on t h e  ba lance  ach ieved  

between t h o s e  e lements  i n  t h e  s t e e l  ( i . e , ,  ca rbon ,  n i c k e l ,  manganese, n i t r o g e n )  

t h a t  f avor  a u s t e n i t e  fo rmat ion  and t h o s e  t h a t  promote f e r r i t e  fo rmat ion  ( i . e . ,  

chromium, molybdenum, s i l i c o n ,  columbium, t i t a n i u m ) .  

These s t e e l s  r e t a i n  t h e i r  a u s t e n i t i c  m i c r o s t r u c t u r e  a t  a l l  t empera tu res .  

T h i s  means t h a t  t h e  chromium-nickel s t a i n l e s s  s t e e l s  cannot  be hardened by h e a t  

t r e a t i n g .  For t h i s  r e a s o n ,  t h i s  class of  s t ee l s  does n o t  undergo any  s t r u c t u r a l  

change d u r i n g  welding and t h e  weld j o i n t s  are  tough and d u c t i l e  as welded.  

The m e t a l l u r g i c a l  f a c t o r s  which w i l l  a f f e c t  t h e  q u a l i t y  of t h e  a u s t e n i t i c  

s t a i n l e s s  s t e e l  weld j o i n t s  are  as f o l l o w s :  (1) weld-metal  and base-metal  

f e r r i t e  c o n t e n t ,  ( 2 )  c a r b i d e  p r e c i p i t a t i o n  i n  t h e  weld meta l  and h e a t - a f f e c t e d  

zone,  ( 3 )  weld m e t a l  and h e a t - a f f e c t e d- z o n e  g r a i n  growth,  and ( 4 )  s i l i c o n  

c o n t e n t  o f  t h e  weld metal. 

f a c t o r s  and method f o r  t h e i r  c o n t r o l ,  t h e  welding e n g i n e e r  c a n  s p e c i f y  welding 

p rocedures ,  welding materials  and base  m a t e r i a l s  which w i l l  e f f e c t i v e l y  overcome 

t h e  drawbacks caused by t h e s e  v a r i o u s  m e t a l l u r g i c a l  f a c t o r s .  Each of  t h e s e  

f a c t o r s  i s  d i s c u s s e d  s e p a r a t e l y  i n  t h e  fo l lowing  s e c t i o n s .  

With t h e  proper  unders tand ing  of  t h e  e f f e c t s  o f  t h e s e  

Cont ro l  o f  F e r r i t e  Content .  F u l l y  a u s t e n i t i c  weld d e p o s i t s  o f t e n  

t e n d  t o  deve lop  mic rocracks  d u r i n g  welding.  

a small amount o f  f e r r i t e  are h i g h l y  r e s i s t a n t  t o  c r a c k i n g .  

p r a c t i c e  c a l l s  f o r  s e l e c t i n g  t h e  composi t ion o f  t h e  f i l l e r  m e t a l ,  o r  e l e c t r o d e ,  

so as t o  form a n  a u s t e n i t i c  d e p o s i t  c o n t a i n i n g  a small pe rcen tage  of f e r r i t e .  

I f  t h e  weldments are t o  be used a t  v e r y  low t e m p e r a t u r e s ,  t h e  impact s t r e n g t h  

o f  t h e  weld metal  a t  t h e  s e r v i c e  t empera tu re  c a n  be s e r i o u s l y  impaired i f  t h e  

f e r r i t e  c o n t e n t  becomes t o o  h igh .  For low- temperature s e r v i c e ,  t h e  f e r r i t e  

On t h e  o t h e r  hand,  welds c o n t a i n i n g  

There fo re ,  good 
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c o n t e n t  of  t h e  weld metal should  be i n  t h e  range of  4 t o  10 pe rcen t .  The a c t u a l  

f e r r i t e  c o n t e n t  of  t h e  weld metal depends on t h e  composi t ion  o f  t h e  base  metal, 

t h e  composi t ion  of t h e  e l e c t r o d e  o r  f i l l e r  w i r e ,  and t h e  e x t e n t  t o  which t h e  weld- 

metal d e p o s i t  i s  d i l u t e d  by t h e  welded p a r e n t  metal. c 

The S c h a e f f l e r  diagram i s  a u s e f u l  t o o l  f o r  e s t i m a t i n g  t h e  m i c r o s t r u c t u r e  

o f  t h e  weld d e p o s i t  and t h e  f i l l e r  metal composi t ion  r e q u i r e d  t o  form f e r r i t e  

i n  t h e  d e p o s i t .  

o f  s t a i n l e s s  s t e e l  weld d e p o s i t s  on t h e  b a s i s  o f  t h e i r  chemical  composi t ion.  

The S c h a e f f l e r  diagram shows how t h e  m i c r o s t r u c t u r e  of  t h e  weld d e p o s i t  

i s  a f f e c t e d  by t h o s e  a l l o y i n g  e l emen t s  i n  t h e  s t a i n l e s s  s t e e l  t h a t  a c t  l i k e  n i c k e l  

and t h o s e  t h a t  a c t  l i k e  chromium. The n i c k e l  e q u i v a l e n t  group i n c l u d e s  n i c k e l ,  

carbon,  and manganese w i t h  an  a l lowance  be ing  made f o r  t h e  n i t r o g e n  c o n t e n t  o f  

s t a n d a r d  welds.  

T h i s  diagram (F igu re  2) i s  used  t o  p r e d i c t  t h e  m i c r o s t r u c t u r e  

The n i c k e l  e q u i v a l e n t  i s  t h e  o r d i n a t e  of  t h e  diagram. The 

chromium e q u i v a l e n t  group i s  t h e  a b s c i s s a  and i n c l u d e s  t h e  e f f e c t s  of  chromium, 

mo,lybdenum, s i l i c o n  and columbium. 

To estimate t h e  m i c r o s t r u c t u r e  of  a d e p o s i t ,  t h e  n i c k e l  e q u i v a l e n t  and 

t h e  chromium e q u i v a l e n t  are c a l c u l a t e d  from t h e  composi t ion ,  u s i n g  t h e  fo l lowing  

formulas : 

Nickel  e q u i v a l e n t  = % N i  + 30 x %C + 0 .5  x XMn 

Chromium e q u i v a l e n t  = %Cr + XMo + 1.5 x % S i  + 0 .5  x %Gb 

The v a l u e s  o b t a i n e d  are marked o f f  on t h e  c o o r d i n a t e s  of t h e  diagram and,  i n  

t h i s  way, a p o i n t  i s  l o c a t e d  on t h e  diagram. The m i c r o s t r u c t u r e  shown a t  t h a t  

po in t  i s  t h e  one p r e d i c t e d  f o r  a d e p o s i t  of  t h a t  composi t ion.  For  example, 

a Type 302 s t a i n l e s s  s t e e l  c o n t a i n i n g  O . l O % C ,  1.007Nn, 0.5%Si,  17,5%Cr and 8.5%Ni 

h a s  a n i c k e l  e q u i v a l e n t  of 12.0 and a chromium e q u i v a l e n t  of  18.25. I n  t h e  form 

o f  a weld d e p o s i t ,  i t s  m i c r o s t r u c t u r e  i s  shown by t h e  c l o s e d  c i r c l e  on t h e  diagram. 

The d e p o s i t  j u s t  manages t o  be f u l l y  a u s t e n i t i c .  
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To c o n t i n u e  t h i s  example, t h i s  s t e e l  i s  welded w i t h  a Type 308 e l e c t r o d e  

hav ing  a composi t ion and a s t r u c t u r e  r e p r e s e n t e d  by t h e  c l o s e d  square .  

l i n e  connec t ing  t h e  square  and t h e  c i r c l e  i n d i c a t e s  t h e  s t r u c t u r e s  of  t h e  welds 

t h a t  would r e s u l t  from the combinat ion,  a t  a l l  p o s s i b l e  degrees  of  d i l u t i o n .  

A t i e  

For  i n s t a n c e ,  t h e  diagram shows t h a t ,  i f  t h e  weld metal i s  d i l u t e d  t o  t h e  e x t e n t  

of 50 p e r c e n t  w i t h  p a r e n t  m e t a l  i n  t h e  c o u r s e  of  t h e  welding o p e r a t i o n ,  t h e  d e p o s i t  

w i l l  c o n t a i n  abou t  5 p e r c e n t  f e r r i t e .  Normally, such a d e p o s i t  shou ld  have 

s a t i s f a c t o r y  r e s i s t a n c e  t o  h o t  c r a c k i n g  and i t  would no t  have impaired i m p a c t  

p r o p e r t i e s  a t  v e r y  low tempera tu res .  

The example j u s t  g iven  can  be tu rned  around. The s t a i n l e s s  s t e e l  t o  be 

welded w i l l  be r e p r e s e n t e d  by t h e  c l o s e d  c i r c l e ,  and i t  i s  d e s i r e d  t o  produce 

a weld metal c o n t a i n i n g  a n  average  o f  5 pe rcen t  f e r r i t e .  I f  t h e  e x t e n t  of  

d i l u t i o n  i s  50 p e r c e n t ,  t h e  weld metal w i l l  have t h e  proper  composi t ion i f  a 

Type 308 e l e c t r o d e  i s  used t h a t  h a s  t h e  composi t ion cor respond ing  t o  t h e  c l o s e d  

square .  

Many f a c t o r s  i n f l u e n c e  t h e  e x t e n t  t o  which t h e  weld meta l  i s  d i l u t e d  by 

mel ted  p a r e n t  metal dur ing  t h e  welding o p e r a t i o n .  Among them a r e  t h e  welding 

p r o c e s s ,  j o i n t  d e s i g n ,  metal t h i c k n e s s ,  number of passes, c u r r e n t  s e t t i n g ,  

and t r a v e  1 ra te .  

The S c h a e f f l e r  diagram can a l s o  be used t o  p r e d i c t  e l e c t r o d e  composi t ions  

r e q u i r e d  t o  avo id  f e r r i t e ' o r  m a r t e n s i t e  i n  a s t a i n l e s s  s t e e l  weld d e p o s i t .  I n  

a d d i t i o n ,  t h e  diagram i s  h e l p f u l  i n  e s t i m a t i n g  t h e  t r e n d  o f  t h e  m i c r o s t r u c t u r e  

developed when d i s s i m i l a r  s tee l s  are welded,  An i L l u s t r a t i o n  o f  t h i s  s i t u a t i o n  

i s  t h e  welding of a s t a i n l e s s  s t e e l  o v e r l a y  on a piece of ca rbon  s t e e l  chemical  

p r o c e s s i n g  equipment. The carbon s tee l  composi t ion and t h e  o v e r l a y  composi t ion 

are marked on t h e  diagram, and t h e  t i e  l i n e  drawn between them i n d i c a t e s  t h e  

m i c r o s t r u c t u r e s  t h a t  may be encoun te red .  
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Carbide  P r e c i p i t a t i o n .  When a u s t e n i t i c  chromium-nickel s tee ls  are 

welded, p a r t  o f  t h e  h e a t - a f f e c t e d  zone i n  t h e  base  m e t a l  and a l s o  p a r t  o f  t h e  

- weld m e t a l  i n  m u l t i p a s s  welds  can  become " s e n s i t i z e d " .  T h i s  s e n s i t i z e d  area h a s  

- a dec reased  r e s i s t a n c e  t o  c o r r o s i o n  by c e r t a i n  l i q u i d s  and low notch  toughness 

a t  low t empera tu re s .  T h i s  s e n s i t i z a t i o n  r e s u l t s  from t h e  p r e c i p i t a t i o n  o f  chromium 

c a r b i d e s  a long  t h e  g r a i n  boundar ies  d u r i n g  welding (Ref. 10,11,15,16) 

T h i s  i n t e r g r a n u l a r  chromium c a r b i d e  fo rma t ion  promotes s e n s i t i v i t y  i n  two 

ways. One way i s  by t a k i n g  chromium, which i s  needed f o r  c o r r o s i o n  r e s i s t a n c e ,  

away from t h e  g r a i n s  i n  t h e  r e g i o n  o f  t h e i r  boundar ies .  Th i s  i s  a d i r e c t  r e s u l t  

o f  t h e  p roces s  of  forming t h e  c a r b i d e s .  The o t h e r  way is  by d i s t r i b u t i n g  a 

chemica l ly  d i f f e r e n t  phase a l o n g  t h e  g r a i n  bounda r i e s ,  t h a t  i s ,  t h e  chromium 

c a r b i d e s  themselves ,  which i n c r e a s e s  t h e  p o s s i b i l i t i e s  f o r  e l e c t r o l y t i c  o r  g a l v a n i c  

c o r r o s i o n  i n  t h e s e  r e g i o n s .  I n  t h e s e  ways, t h e n ,  s e n s i t i z a t i o n  makes t h e  g r a i n  

boundary r e g i o n s  v u l n e r a b l e  and ,  t h u s ,  makes t h e  metal s u s c e p t i b l e  t o  g r a i n  

boundary o r  i n t e r g r a n u l a r  c o r r o s i o n .  

The p a r t  of t h e  h e a t - a f f e c t e d  zone i n  t h e  p a r e n t  me ta l  which becomes 

s e n s i t i z e d  i s  t h e  r e g i o n  t h a t  i s  h e a t e d  i n  t h e  range o f  800 t o  1330 F d u r i n g  

welding.  T h i s  i s  t h e  t empera tu re  range  where chromium c a r b i d e s  p r e c i p i t a t e  from 

s o l i d  s o l u t i o n  i n  a u s t e n i t i c  s t a i n l e s s  s t e e l s .  E a r l y  pas ses  of  a m u l t i p a s s  

weld a l s o  can become s e n s i t i z i e d  s i n c e  t h e y  w i l l  a l s o  be hea t ed  i n t o  t h i s  tempera-  

t u r e  range o r  may s t a y  i n  t h i s  tempera ture  range d u r i n g  c o o l i n g  f o r  an extended 

l e n g t h  o f  t i m e  as subsequent  passes are depos i t ed .  

Chromium c a r b i d e s  do n o t  p r e c i p i t a t e  i n  t h a t  p a r t  o f  t h e  weld j o i n t  which 

has  n o t  reached  t empera tu re s  above 800 F d u r i n g  welding.  Any chromium c a r b i d e s  

observed i n  t h i s  r e g i o n  were p r e s e n t  i n  t h e  metal b e f o r e  welding and were due 

t o  o t h e r  causes .  
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Near t h e  f u s i o n  l i n e ,  t h e r e  i s  a r e g i o n  of  t h e  h e a t - a f f e c t e d  zone where t h e  

t empera tu re ,  du r ing  weld ing ,  ranges  from I330 F t o  t h e  me l t i ng  p o i n t  o f  t h e  base  

m e t a l .  T h i s  r e g i o n  i s  g e n e r a l l y  f r e e  o f  chromium c a r b i d e s  because t h e y  remain i n  

s o l i d  s o l u t i o n  a t  t h e s e  t empera tu re s .  Moreover,  t h e  c o o l i n g  rates are u s u a l l y  

t o o  f a s t  f o r  chromium c a r b i d e s  t o  p r e c i p i t a t e  d u r i n g  t h e  coo l ing  pe r iod  a f t e r  

t h e  weld ing  has  been completed. 

S e n s i t i z a t i o n  can  be r e v e a l e d  by e t c h i n g  o r  p i c k l i n g .  For  example, e t c h i n g  

i n  a mix tu re  of  10 p e r c e n t  n i t r i c  and 3 p e r c e n t  h y d r o f l u o r i c  a c i d s  shows t h e  

s e n s i t i z e d  r e g i o n  as a s e v e r e l y  a t t a c k e d  zone l o c a t e d  a f r a c t i o n  of  a n  i n c h  from 

t h e  weld bead. 

scope,  t h e  s e n s i t i z e d  r e g i o n  of  t h e  w e l d - h e a t - a f f e c t e d  zone i s  e a s i l y  i d e n t i f i e d .  

It i s  t h e  p a r t  of  t h e  m e t a l l o g r a p h i c  specimen most r e a d i l y  a t t a c h e d  by t h e  e t c h i n g  

media, and i s  d i s t i n g u i s h e d  by broadened and darkened g r a i n  bounda r i e s .  

s e v e r i t y  w i t h  which t h e  e t c h a n t  a t t a c k s  t h e  g r a i n  boundar ies  i n  t h i s  r e g i o n  

demonst ra tes  how d r a s t i c a l l y  i t s  c o r r o s i o n  r e s i s t a n c e  h a s  been reduced.  

When po l i shed  and e t c h e d  s e c t i o n s  are examined w i t h  t h e  micro-  

The 

I n  most o r d i n a r y  a tmospheres ,  t h e  performance o f  t h e  s t e e l  i s  u s u a l l y  

u n a f f e c t e d  even though i t  c o n t a i n s  r e g i o n s  t h a t  have been  s e n s i t i z e d  t o  some 

e x t e n t  du r ing  welding.  

t i o n s  as d a i r y  machinery,  k i t c h e n  and r e s t a u r a n t  equipment ,  and a r c h i t e c t u r a l  

i t e m s .  However, i n  c o n t a c t  w i t h  s t r o n g l y  c o r r o s i v e  l i q u i d s ,  such  a s  a c i d  s a l i n e  

s o l u t i o n s ,  t h e  s e n s i t i z e d  r e g i o n s  may be cor roded  away a t  unaccep tab ly  h i g h  ra tes .  

T h i s  a l s o  h o l d s  t r u e  f o r  such  m i l d l y  c o r r o s i v e  a p p l i c a-  

There are a number of ways by which t h e  problem o f  s e n s i t i z a t i o n  can be  

reduced o r  e l i m i n a t e .  Some c o n t r o l  can  be e x e r c i s e d  through t h e  weld ing  procedure.  

Other  methods i n c l u d e  r educ ing  t h e  carbon c o n t e n t  of t h e  s tee l ,  encouraging  o t h e r  

c a r b i d e s  t o  form i n  p r e f e r e n c e  t o  chromium c a r b i d e s ,  and r e d i s s o l v i n g  t h e  chromium 

c a r b i d e s  by a n  annea l ing  t r e a t m e n t  a f t e r  weld ing .  
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Welding Procedure .  S t e p s  t o  reduce  t h e  t i m e  t h e  m e t a l  i s  h e l d  i n  

t h e  chromium c a r b i d e  p r e c i p i t a t i o n - t e m p e r a t u r e  range  of  800 t o  1300 F du r ing  

weld ing  w i l l  r educe  t h e  s e v e r i t y  of  s e n s i t i z a t i o n .  The s h o r t e r  t h e  dwel l  t i m e  
' .  

- i n  t h i s  t empera tu re  range ,  t h e  less i n t e n s e  w i l l  be  t h e  c a r b i d e  p r e c i p i t a t i o n  

and t h e  less w i l l  be t h e  deg ree  o f  s e n s i t i z a t i o n .  These s t e p s  i n c l u d e  welding 

r a p i d l y ,  u s i n g  s m a l l  e l e c t r o d e s  w i t h  minimum c u r r e n t  s e t t i n g s ,  and u s i n g  c h i l l  

b locks .  

Carbon Content .  Using a n  e x t r a  low carbon,  o r  'rL" , grade  o f  

a u s t e n i t i c  chromium-nickel s t a i n l e s s  s t e e l  i s  a n  e s p e c i a l l y  e f f e c t i v e  way t o  

approach t h e  problem o f  s e n s i t i z a t i o n .  

I d e a l l y ,  t h e  carbon c o n t e n t  should  be below t h e  s o l u b i l i t y  l i m i t  p r e v a i l i n g  

a t  t h e  lowes t  t empera tu re  where t h e  r a t e  of  chromium-carbide p r e c i p i t a t i o n  i s  

s i g n i f i c a n t .  Th i s  t empera tu re  i s  abou t  800 F and t h e  co r r e spond ing  carbon c o n t e n t  

i s  i n  t h e  o r d e r  of  0.02 p e r c e n t .  C o n s i s t e n t  achievmenet of  so low a carbon c o n t e n t  

i n  commercial p roduc t ion  i s  d i f f i c u l t .  It i s  more p r a c t i c a l  t o  s e t  a l i m i t  o f  

0.03 p e r c e n t ,  as i s  done w i t h  t h e  "L" g rades .  A t  t h i s  l e v e l  o f  carbon c o n t e n t ,  

t h e  t i m e  f o r  c a r b i d e  p r e c i p i t a t i o n  t o  t a k e  p l ace  l e n g t h e n s  g r e a t l y  and t h e  

amount t h a t  deve lops  du r ing  weld ing  i s  so s m a l l  t h a t  l i t t l e  o r  no s e n s i t i z a -  

t i o n  o c c u r s  as a r e s u l t  o f  normal weld ing  and s t r e s s - r e l i e v i n g  o p e r a t i o n s .  

The t h i c k n e s s  o f  t h e  metal a l s o  i n f l u e n c e s  c a r b i d e  p r e c i p i t a t i o n .  

G e n e r a l l y , t h i n  s e c t i o n s  coo l  th rough t h e  chromium-carbide p r e c i p i t a t i o n -  

t empera tu re  range f a s t e r  t h a n  t h i c k  s e c t i o n s .  Thus, less  chromium c a r b i d e s  

p r e c i p i t a t e  and t h e  i n t e n s i t y  o f  s e n s i t i z a t i o n  i s  less. 

carbon and o f  s e c t i o n  t h i c k n e s s  t o g e t h e r ,  i t  i s  c l e a r  t h a t  t h e  t h i n n e r  t h e  gage 

Taking t h e  e f f e c t  of  
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t h e  more carbon can  b e  t o l e r a t e d  i n  t h e  s t ee l .  For  example, where Type 302 

becomes t o o  s e v e r e l y  s e n s i t i z e d  f o r  t h e  i n t e n d e d  use ,  Type 304 c a n  be s u b s t i t u t e d  

when t h e  material i s  t h i n .  

c o r r o s i v e  environments ,  t h e  e x t r a  low-carbon Type 304L i s  p r e f e r r e d .  

On t h e  o t h e r  hand,  f o r  t h i c k  s e c t i o n s  and ex t r eme ly  

S t a b i l i z a t i o n .  Another approach i s  t o  u s e  Type 321  s t a i n l e s s  s t e e l  

t o  which t i t a n i u m  has  been added o r  Type 347 s t a i n l e s s  s tee l  which c o n t a i n s  

columbium. These e lements  s t a b i l i z e  t h e  m i c r o s t r u c t u r e  by inducing  t h e  carbon 

i n  t h e  s t ee l  t o  form c a r b i d e s  w i t h  them i n  p re fe rence  t o  forming c a r b i d e s  w i t h  

t h e  chromium. The r e s u l t  i s  t h a t  t h e  chromium i n  t h e  s t e e l  i s  al lowed t o  remain 

i n  t h e  a u s t e n i t i c  s o l i d  s o l u t i o n . w h e r e  i t  c a n  provide  maximum c o r r o s i o n  

p r o t e c t i o n .  For low- temperature a p p l i c a t i o n s ,  however, t h e  s t a b i l i z e d  g r a d e s  

o f  s t a i n l e s s  s t ee l  have t h e  d i sadvan tage  o f  i n h e r e n t l y  low notch  toughness  a t  

t h e  s e r v i c e  t empera tu re  ( c ryogen ic  t empera tu re s ) .  

The s t a b i l i z e d  t y p e s  of  a u s t e n i t i c  s t a i n l e s s  s t e e l  a r e  e s p e c i a l l y  u s e f u l  

f o r  equipment o p e r a t i n g  f o r  long  p e r i o d s  o f  t i m e  i n  t h e  t empera tu re  range of  

800 t o  1600 F. Here, advantage  can be t aken  of t h e i r  s u p e r i o r  h igh- tempera ture  

s t r e n g t h  as w e l l  as t h e i r  r e s i s t a n c e  toward s e n s i t i z a t i o n .  For room-temperature 

a p p l i c a t i o n s ,  a n  "L" grade  i s  p r e f e r r e d  l a r g e l y  because i t  i s  e a s i e r  t o  weld. 

Anneal ing.  S e n s i t i z e d  a u s t e n i t i c  s t a i n l e s s  s t ee l  can  be r e s t o r e d  

t o  i t s  normal c o r r o s i o n  r e s i s t a n c e  by f u l l  annea l ing  fol lowed by r a p i d  coo l ing .  

The p r e c i p i t a t e d  chromium c a r b i d e s  are r e d i s s o l v e d  i n  t h e  a u s t e n i t e  by t h i s  h e a t  

t r e a t m e n t .  However, t h e  r a p i d  c o o l i n g  which is  r e q u i r e d  imposes l i m i t a t i o n s  on t h e  

u s e f u l n e s s  of  annea l ing .  Only s i m p l e  r e g u l a r l y  shaped a r t i c l e s  c a n  be r a p i d l y  coo led  

from h i g h  t empera tu re s  w i thou t  expe r i enc ing  d i s t o r t i o n .  Hence, i f  d i s t o r t i o n  c o n t r o l  

i s  impor tan t  and t h e  component is  i r r e g u l a r  i n  shape and v a r i e s  i n  t h i c k n e s s ,  

a n n e a l i n g  i s  n o t  recommended. 
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F e r r i t i c  (Non-Hardenable) Chromium S t a i n l e s s  S t e e l s .  The f e r r i t i c  s t a i n l e s s  

*s tee ls  are prone t o  w e l d- j o i n t  embr i t t l emen t .  The notch  s e n s i t i v i t y  o f  t h e s e  

welds means t h a t  s p e c i a l  c a r e  must be t a k e n  t o  avoid  stress raisers such  a s  s h a r p  

. no tches ,  weld undercut and s h a r p  s u r f a c e  i r r e g u l a r i t i e s .  

Type 430 i s  probably  t h e  most w ide ly  used f e r r i t i c  chromium s t a i n l e s s  s t ee l .  

A s  m i l l  p roces sed ,  t h e  m i c r o s t r u c t u r e  of t h i s  s t ee l ,  which c o n t a i n s  16  t o  18 

pe rcen t  chromium, c o n s i s t s  of  f e r r i t e  c o n t a i n i n g  d i s p e r s e d  p a r t i c l e s  o f  chromium 

c a r b i d e .  

However, when Type 430 i s  welded, changes t a k e  p l ace  i n  t h e  m i c r o s t r u c t u r e  

of t h a t  p a r t  of  t h e  pa ren t- me ta l  h e a t - a f f e c t e d  zone which r eaches  t empera tu re s  

of  1600 F and above d u r i n g  welding.  The iron-chromium-carbon c o n s t i t u t i o n  diagram 

shows t h a t  t h i s  s t ee l  becomes p a r t l y  a u s t e n i t i c  and p a r t l y  f e r r i t i c  a t  t h e s e  

t empera tu re s .  The p r o p o r t i o n s  of  a u s t e n i t e  and f e r r i t e  i n  t h e  m i c r o s t r u c t u r e  

a t  t h e s e  t empera tu re s  depend on t h e  composi t ion  of  t h e  p a r t i c u l a r  h e a t  o f  s t e e l .  

However, t h e  amount of a u s t e n i t e  p r e s e n t  i s  seldom more t h a n  20 pe rcen t .  On 

c o o l i n g  t o  room t empera tu re ,  t h i s  a u s t e n i t e  t r ans fo rms  t o  a m a r t e n s i t e  o f  moderate  

ha rdness .  The m a r t e n s i t e  g e n e r a l l y  occu r s  a long  t h e  g r a i n  boundar ies .  

The m i c r o s t r u c t u r e  of t h e  h i g h e r  chromium s tee ls ,  such as Type 442 which 

c o n t a i n s  18 t o  23 pe rcen t  chromium and Type 446 w i t h  23 t o  27 p e r c e n t  chromium, 

g e n e r a l l y  remains e n t i r e l y  f e r r i t i c  d u r i n g  weld ing .  Likewise ,  chromium s t a i n l e s s  

s tee l s  c o n t a i n i n g  aluminum such as Type 4 0 5 ,  o r  t i t a n i u m  such as Type 430Ti, 

remain f e r r i t i c .  

The g r a i n  growth which occu r s  i n  t h e  h e a t - a f f e c t e d  zone reduces  t h e  toughness 

and d u c t i l i t y  of  t h e  weldment t o  a s l i g h t  e x t e n t ,  Cons iderable  g r a i n  growth i s  

c h a r a c t e r i s t i c  of  f e r r i t i c  s t a i n l e s s  s teels  h e a t e d  t o  ex t remely  h i g h  t empera tu re s .  

Gra in  r e f inemen t  does n o t  t a k e  p l ace  i n  t h e s e  s tee ls  through h e a t  t r e a t m e n t  a l o n e .  

To reduce t h e  g r a i n  s i z e  r e q u i r e s  c o l d  working fol lowed by annea l ing .  
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The m a r t e n s i t e  t h a t  forms a l o n g  t h e  g r a i n  bounda r i e s  i n  t h e  h e a t - a f f e c t e d  

zones of  welds  made i n  Type 430 s t a i n l e s s  s t e e l  t e n d s  t o  exe r t  a somewhat e m b r i t t l i n g -  

e f f e c t .  Anneal ing a t  1350 t o  1500 F r e s t o r e s  t h e  s t e e l  t o  t h e  comple t e ly  f e r r i t i c  

c o n d i t i o n  and removes b r i t t l e n e s s  caused by t h e  presence  of  m a r t e n s i t e .  

M a r t e n s i t i c  (Hardenable)  Chromium S t a i n l e s s  S t e e l s .  The m a r t e n s i t i c  

s t a i n l e s s  s tee l s  when h e a t e d  and coo led  undergo m e t a l l u r g i c a l  changes s imi lar  t o  

low- al loy  s tee l s .  A t  room t empera tu re ,  t h e y  normally a r e  f e r r i t i c .  The micro-  

s t r u c t u r e  changes t o  a u s t e n i t e  when t h e  s t e e l  i s  h e a t e d  above about  1800 F. 

Upon f a s t  c o o l i n g  from t h i s  t empera tu re ,  t h e  a u s t e n i t e  t r ans fo rms  t o  ha rd  

m a r t e n s i t e .  (Slow c o o l i n g  r e s u l t s  i n  s o f t  f e r r i t e . )  Cooling i n  a i r  normally 

i s  f a s t  enough t o  cause  t h e  m a r t e n s i t e  t r a n s f o r m a t i o n .  This  means t h a t  when 

t h e s e  s t ee l s  a r e  welded,  t h e  j o i n t  becomes hard  and b r i t t l e  a f t e r  c o o l i n g .  

The raw m a r t e n s i t e  formed on c o o l i n g  t h e  m a r t e n s i t i c  s t a i n l e s s  s t ee l s  from 

e l e v a t e d  t empera tu re s  t e n d s  t o  be b r i t t l e .  The re fo re ,  t h e s e  s t e e l s  a r e  annea led ,  

s t r e s s  r e l i e v e d ,  o r  t empered  b e f o r e  be ing  p laced  i n  s e r v i c e .  

I n  a d d i t i o n ,  t h e s e  s tee ls  tend  t o  expe r i ence  c o n s i d e r a b l e  g r a i n  growth i n  

t h e  h i g h l y  hea t ed  pa ren t  me ta l  nex t  t o  t h e  weld. Refinement o f  t h e  g r a i n s  i n  

t h i s  r e g i o n  can  be accomplished by g i v i n g  t h e  metal a s t a n d a r d  annea l ing  t r e a t m e n t  

a f t e r  weld ing .  

The s t a n d a r d  annea l ing  p r a c t i c e  i s  t o  h e a t  t o  about  1600 F,  s low cool  t o  

about  1100 F, and t h e n  a i r  coo l  t o  room t empera tu re .  S t r e s s  r e l i e v i n g  i s  done 

a t  1200 t o  1400 F, fo l lowed by s low c o o l i n g  t o  1100 F and t h e n  a i r  c o o l i n g  t o  

room t empera tu re .  The r eason  f o r  t h e  a i r  c o o l i n g  s t e p  i s  t o  pas s  q u i c k l y  through 

t h e  t empera tu re  range of  890 t o  900 F where b r i t t l e n e s s  may develop .  Tempering 

is  u s u a l l y  c a r r i e d  o u t  a t  t empera tu re s  o f  95C) F and above,  t h e  e m b r i t t l i n g  tempera- 

t u r e  range a g a i n  be ing  avoided .  
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A c t u a l l y ,  t h e  m a r t e n s i t e  t r a n s f o r m a t i o n  i n  t h e  hardenable  chromium s t a i n l e s s  

s t e e l s  depends on t h e  carbon c o n t e n t  a s  w e l l  a s  on t h e  chromium c o n t e n t .  Not 

on ly  must t h e  chromium c o n t e n t  be l i m i t e d ,  b u t  t h e  carbon c o n t e n t  must be above 

, a minimum i f  a f u l l y  m a r t e n s i t i c  s t r u c t u r e  i s  t o  develop .  For example, Type 410 

r e q u i r e s  more t h a n  0.08 p e r c e n t  carbon t o  be comple te ly  m a r t e n s i t i c .  Those 

13 pe rcen t  chromium s t e e l s  which c o n t a i n  less t h a n  0.08 pe rcen t  carbon,  such as 

t h e  s o - c a l l e d  modi f ied  o r  low-carbon v e r s i o n s  of 410, are p a r t i a l l y  f e r r i t i c  and 

behave v e r y  much l i k e  Type 430. 

Again,  l i k e  o t h e r  m a r t e n s i t i c  s t e e l s ,  t h e  s t r e n g t h  ha rdness  and tendency toward 

c r a c k i n g  of t h e  hardenable  chromium s t a i n l e s s  t ypes  i n c r e a s e  a s  t h e  carbon c o n t e n t  

i s  i n c r e a s e d .  Below 0.10 p e r c e n t  carbon,  t h e  tendency o f  a weldment i n  t h e s e  s t e e l s  

t o  c r a c k  i s  n o t  g r e a t  and welding can  u s u a l l y  be done wi thou t  p rehea t  o r  p o s t h e a t .  

A t  carbon c o n t e n t s  o f  0.10 t o  0 .20  p e r c e n t ,  p r ehea t ing  a t  about  500 F and t h e  

use  of a 500 F i n t e r p a s s  t empera tu re  a r e  s t r o n g l y  recommended t o  avoid  c rack ing .  

When t h e  carbon c o n t e n t  i s  above 0.20 p e r c e n t ,  n o t  on ly  should  t h e  work be p rehea t ed  

bu t  a l s o  i t  should  be annea led  o r  o the rwi se  h e a t  t r e a t e d  immediately a f t e r  weld ing .  

FILLER MATERIALS 

S tanda rd i zed  composi t ions  f o r  s t a i n l e s s  s t ee l  welding rod ,  b a r e  w i r e ,  and 

covered e l e c t r o d e s  a r e  covered by American Welding S o c i e t y  s p e c i f i c a t i o n s .  These 

composi t ions  ( a long  w i t h  s e v e r a l  nons tandard  composi t ions)  are l i s t e d  i n  Tab le s  I 

and 11. 

a composi t ion  s i m i l a r  t o  t h a t  of t h e  base  metal so t h a t  c o r r o s i o n  r e s i s t a n c e  

and mechanical  p r o p e r t i e s  match (Ref. 16) .  However, t h e  c o r r e c t  f i l l e r  metal 

does n o t  always match t h e  base  metal. The f i l l e r  m e t a l s  commonly used w i t h  t h e  

v a r i o u s  g r a d e s  of  s t a i n l e s s  s t ee l  are l i s t e d  i n  T a b l e  111. F i l l e r  m e t a l s  f o r  weld ing  

v a r i o u s  combina t ions  o f  s t a i n l e s s  s tee l s  are l i s t ed  i n  Tab le  Iv.  

G e n e r a l l y ,  f i l l e r  m e t a l s  are selected that  d e p o s i t  a w e l d  m e t a l  w i t h  
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TABLE 111. FILLER METALS USED TO WELD VARIOUS GRADES 
OF STAINLESS STEEL (REF. 10, 11, 15) 

Base metal Service condition of 
Wrought Cast (1) base metal Covered electrode Bare rod o r  filler wire 

201 
202 
301 
302 
304 
305 
308 
302B 

303 1 
303SeJ 

304L 
308L 

309 
309s 
310 
3 10s 
316 

316L 

317 

321H 

348 
348B 

410 

405 
420 

430 

430Ti 

431 

CF- 20 

CF-8 t 
CF-3 

CH20 

CK- 20 

CF - 8M 
CF-12M 

CF- 3M 

CG- 8M 

E308 ER308 

As welded or 
annealed 

A s  welded 

As welded o r  annealed 

As welded 
As welded 
As welded 

As welded 
As welded 
A s  welded or 
annealed 

As welded or 
stress relieved 

As welded or 
annealed 

As welded 

As welded 

Annealed or 
hardened 

As welded 

Anne a 1 e d 
Annea led or 
hardened 

As welded 
Annealed 
As welded 
As welded 

Anne a led o r  
hardened 

As welded 

E309 
E312 

E308L, E347 

E308L 

E309 
E309, E309Cb 

E310 
E310, E310Cb 
E316, E309Cb (2) 

E316L, E309Cb (2) 

E317(2) 

E347 

E347 

E410 

E308, E309, E310 

E430 
E420 

~308, E309, E310 

E430 
E308, E309, E310 

E430 
431 (4) 

ER309 
ER314 

ER308L, ER347 
ER308L 

ER309 
ER309 
ER310 
ER310 
~ ~ 3 1 6  (3) 

ER316L(3) 

ER317 

ER321, ER347 

ER347 

ER410 

ER308, ER309, ER31C 
ER430 

ER420 

ER308, ER309, ER31C 
ER430 
ER308, ER309, ER31C 

430Ti(4), ER 430 

431'~) 

ER308, ER309, ER31( 
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TABLE III. Continued 

L 

Base m e t a l  S e r v i c e  c o n d i t i o n  o f  
rought  C a s t ( l )  b a s e ,  metal Covered e l e c t r o d e  ,Bare rod o t  f i l l e r  wire 

42 

46 

Anne a 1 e d 
A s  welded 

442(4) 442 (4)  
E308, E309, E310 ER308, ER309, ER31O 

Annea l e d  446(4) 446(4) 
A s  welded E308, E309, E310 ER308, ER309, Ek310 

1) Cas t ings  h i g h e r  i n  ca rbon  bu t  o the rwi se  o f  g e n e r a l l y  cor responding  composi t ion  a r e  
a v a i l a b l e  and are d e s i g n a t e d  by t h e  p r e f i x  "HI' ( s e e  Table  V I L ) .  F i l l e r  metals f o r  
t h e s e  a l l o y s  are h i g h  carbon v e r s i o n s  of  t h e  l i s t e d  f i l l e r  metals i f  a v a i l a b l e .  

2) J o i n t s  d e p o s i t e d  by 316, 316L, 317 e l e c t r o d e s  and f i l l e r  wires may o c c a s i o n a l l y  
d i s p l a y  poor c o r r o s i o n  r e s i s t a n c e  i n  t h e  as-welded c o n d i t i o n  p a r t i c u l a r l y  i n  h o t  
ac ids .  The use  of 309 o r  309Cb f i l l e r  m e t a l s  o f t e n  p rov ides  a more s u i t a b l e  weld 
me ta l .  Cor ros ion  r e s i s t a n c e  o f  t h e  molybdenum-bearing s t a i n l e s s  s t ee l s  can  be 
r e s t o r e d  by h e a t  t r e a t i n g :  

(1) For Types 316 and 317 - f u l l  annea l  a t  1950-2050 F 
(2)  For  Types 316L and 317L - s t r e s s  r e l i e v e  a t  1600 F 

3) Same comments as Footnote  2. However, 309Cb ba re  w i r e  i s  no t  r e g u l a r l y  a v a i l a b l e .  
ER310 i s  t h e  b e s t  s u b s t i t u t e .  

rC) No s t a n d a r d  AWS d e s i g n a t i o n  a l though  t h i s  f i l l e r  w i r e  o r  e l e c t r o d e  i s  a v a i l a b l e  
commercial ly.  
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TABLE 1V.GENERAL GUIDE FOR SELECTING ELECTRODES AND WELDING RODS FOR 
DISSIMILAR METAL JOINTS I N  AUSTENITIC STAINLESS STEEL (REF. 11)  

316 321 347,347H 
A I S 1  Type 304L 308 309 309s 310 310s 316H 316L 317 321H 348,348H 

304H,305,304 308 308 308 308 308 308 308 308 308 308 
309 309 309 309 316 316 316 

310 310 3 17  
304L 308 308 308 308 308 308 308L 308 308L 

309 309 309 309 316 316L 316 347 
310 310 317 

308 

309 

309s 

3 10 

3 10s 

316H, 316 

308 308 308 308 308 308 308 308 
309 309 309 309 316 316 316 

310 310 317 

309 309 309 309 309 309 309 
310 310 316 316 316 347 
309 309s 309 309s 309 309 
310 310s 316 316L 316 347 

316 316 317 308 
310 310Mo 310Mo 310 
310Mo 310 310 

316 316 317 308 
310Mo 310Mo 310Mo 310 

316 317 308 
316 316 

316L 317 316L 

317 

321H, 321 

308 
317 

308 

3081 
347 

308 
347 

309 
347 

309 
347 

308 
3 10 

308 
310 

308 
316 
347 

3161 
347 

308 
317 
347 
3081 
347 

~ __ _ _  ~~ - -~ ~- 

$;Electrodes and welding rods  l i s t e d  a r e  not  i n  any p r e f e r r e d  o rde r .  
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MATERIAL CONDITION FOR WELDING 

It i s  neces sa ry  t o  be s u r e  t h a t  c o r r o s i o n  and o x i d a t i o n  r e s i s t a n c e  of  t h e s e  

Lloys are no t  lowered d u r i n g  f a b r i c a t i o n  o p e r a t i o n s .  Cor ros ion  r e s i s t a n c e  can  

e s e r i o u s l y  a f f e c t e d  by con tamina t ion  d u r i n g  j o i n i n g  o r  h e a t - t r e a t i n g  o p e r a t i o n s  

f e i t h e r  base  metal o r  weld me ta l  by d i r t ,  o i l s ,  g r e a s e ,  c r ayon  marks, e t c .  on 

he s u r f a c e  (Ref.  15). Carbon pickup from s u r f a c e  contaminants  can  a d v e r s e l y  

f f e c t  c o r r o s i o n  r e s i s t a n c e .  S u l f u r  pickup can a f f e c t  b o t h  c o r r o s i o n  r e s i s t a n c e  

nd p r o p e r t i e s  and cause  c r a c k i n g  (Ref.  1 7 ,  18). Other  m a t e r i a l s , e . g .  z i n c ,  b r a s s  can  a f f e c t  

a r i o u s  p r o p e r t i e s  a d v e r s e l y .  Consequently,  t h e  s u r f a c e s  of a l l  parts  must be 

l e a n  b e f o r e  j o i n i n g  o r  h e a t  t r e a t m e n t  is  under taken .  

D i r t  and f i l m s  of  o i l  and g r e a s e  can  be removed by washing o r  by deg reas ing  

p e r a t i o n s .  Soaps can  be removed w i t h  h o t  wa te r .  Removal of  s o l u b l e  o i l s ,  t a l l o w  

i d  f a t s  r e q u i r e  a h o t  a l k a l i n e  s o l u t i o n  wash fol lowed by a h o t  wa te r  r i n s e .  

S c a l e  and ox ide  f i l m s  can  be removed from s t a i n l e s s  s t e e l  by g r i n d i n g ,  f i l i n g ,  

K w i r e  b rush ing .  Hot-cut edges  of  weld j o i n t s  should be machined o r  ground down 

I b r i g h t  me ta l .  Brushes and o t h e r  c l e a n i n g  t o o l s  should  be made of  s t a i n l e s s  

t e e 1  i n s t e a d  o f  carbon s t ee l  t o  avo id  p i ck ing  up b i t s  of ca rbon  s t e e l  i n  t h e  

i r k  and contaminat ing  t h e  weld m e t a l .  Tools  used t o  c l e a n  s t a i n l e s s  s t ee l  

iould  no t  be used  t o  c l e a n  o t h e r  metals. I f  t h e y  a r e ,  g r e a s e ,  d i r t ,  o r  b i t s  of  

:her m e t a l s  can  be c a r r i e d  t o  t h e  s t a i n l e s s  s t e e l .  

Oxide f i l m s  and scale a l s o  can  be removed by p i c k l i n g .  Typ ica l  p i c k l i n g  

Zquences, s o l u t i o n s  and t i m e s  are g iven  i n  Tab le s  V and V I .  

I f  t h e  p a r t s  are exposed t o  t h e  atmosphere a f t e r  c l e a n i n g ,  t h e y  may become 

!contaminated. Dus t ,  o i l ,  g r e a s e ,  d i r t  and s i m i l a r  contaminants  a r e  p r e s e n t  

I most shop atmospheres.  J o i n t  areas may be c l eaned  of t h i s  type  of  con tamina t ion  

r wiping w i t h  l i n t - f r e e  c l o t h s  dampened w i t h  a s o l v e n t  such as me thy l- e thy l  ke tone .  

bwever, it may be a d v i s a b l e  t o  p reven t  r econ tamina t ion  a f t e r  c l e a n i n g .  Th i s  can  
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TABLE V. TYPICAL SEQUENCE OF PROCEDURES FOR PICKLING SERIES 300 
STAINLESS STEELS (REF. 22) 

Cycle 

Solution 
Composition, Operating Immer s ion 
% by volume(a) temperature, F time, min (b) 

1. 
2. 
3. 

4. 
5. 

6. 
7 .  
8. 
9 .  
10. 

Sulfuric acid dip 15 to 25 H2S04(c) 
Water rinse (d) - - -  
Nitric-hydrofluoric acid dip 

2 t o 4 m  
Water rinse (d) ---  

Water rinse (d) - - -  

Water rinse (d) _- -  

Water rinse (dip) - - -  

5 to 12 mo3; 

Caustic-permanganate dip (e) 18 to 20 NaOH; 
4 to 6 KMn04(f) 

15 to 25 H2S04(c) 

10 to 30 HN03 

Sulfuric acid dip 

Nitric acid dip 

160 to 180 
Ambient 
120 max 

Ambient 
160 to 200 

Ambient 
160 to 180 
Ambient 
120 to 180 
Ambient ( g )  

30 to 60 

2 to 20 
-- -  

--- 
15 to 60 

--- 
2 to 5 

5 to 15 
-- -  

- - -  

(a) Acid solutions are not inhibired. (b) Shorter times are for lower-alloy steels; 
longer times are for more highly alloyed types, such as 309, 310, 316, 317 and 318. 
(c) Sodium chloride (up to 5% by weight) may be added. (d) Dip or pressure spray. 
(e) Sometimes used t o  loosen scale. (f) Percent by weight. (g) Boiling water may 
be used to facilitate drying. 

TABLE VI. TYPICAL SEQUENCE FOR PICKLING LOW-CARBON SERIES 400 
STAINLESS STEELS (REP. 22) 

Solution 
Composition Operating Immersion 

Cycle % by volume(a) temperature, F time, min(b) 

1. Sulfuric acid dip 15 to 25 H2S04(b) 160 to 180 5 to 30 

3. Caustic permanganate dip(d) 18 to 20 NaOH; 160 to 200 20 min to 
8 hr(f) 

2. Water rinse (c) --.. Ambient -- - 

4, Water rinse(c) - - -  Ambient - --  

7. Water rinse (dip) - - -  

4 to 6 KMn04(e) 

5. Sulfuric acid dip 15 to 25 H2S04(b) 160 to 180 2 to 3 
6. Nitric acid dip 30 HN03 Ambient 10 to 30 -- -  Ambient (g) 

(a) Acid solutions are not inhibited, (b) Sodium chloride (up t o  5% by weight) may 
be added. (c) Dip, pressure hose, or spray. High-pressure spray or jets are more 
effective for removing scale and smut. (d) Sometimes used to loosen scale. (e) Percent 
by weight. (f) Immersion time may exceed this range. (g) Boiling water may be used to 
facilitate drying. 
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be  done by u s i n g  the c leaned  materials  w i t h i n  a s h o r t  t i m e  a f t e r  c l e a n i n g .  

" t h i s  cannot  be done t h e y  can  be p r o t e c t e d  by c o v e r i n g  w i t h  l i n t - f r e e  and o i l -  

If 

f r e e  wrappings ,  
r 

The e f f e c t i v e n e s s  o f  a c l e a n i n g  o p e r a t i o n  can  be e v a l u a t e d  by v a r i o u s  

methods. Con tac t  r e s i s t a n c e  measurements can be used a l t h o u g h  t h i s  t echn ique  i s  

no t  wide ly  used.  

and p i c k l i n g  o p e r a t i o n s  i s  t o  obse rve  wa te r  b reaks  d u r i n g  t h e  r i n s i n g  o p e r a t i o n .  

I f  t h e  c leaned  s u r f a c e  i s  un i fo rmly  w e t  by t h e  water t h e  s u r f a c e  i s  cons ide red  

c l e a n .  I f  t h e  water c o l l e c t s  i n  d rops  o r  pa tches  i t  i s  s a i d  t o  "break". The 

presence o f  a w a t e r  b r e a k  i n d i c a t e s  t h a t  t h e  s u r f a c e  h a s  not  been w e l l  c l eaned .  

More d e t a i l e d  d e s c r i p t i o n s  o f  metal c l e a n i n g  p rocess  and t e c h n i q u e s  can  be 

A common method o f  e v a l u a t i n g  t h e  e f f e c t i v e n e s s  of  d e s c a l i n g  

found i n  t h e  l i t e r a t u r e  (Ref.  2 2 ) .  

J O  INT PREPARATION 

The method o f  j o i n t  p r e p a r a t i o n  f o r  s t a i n l e s s  s t e e l s  can be any one of  

t h e  fo l lowing :  machining ( a l l  t y p e s ) ,  s h e a r i n g ,  g r i n d i n g ,  flame c u t t i n g  ( i r o n  

powder o r  f l u x )  and plasma c u t t i n g .  The a p p l i c a b l e  machining,  s h e a r i n g  and 

g r i n d i n g  t echn iques  a r e  t h o s e  used f o r  most s t a i n l e s s  s t e e l  shap ing  and w i l l  

not  be covered h e r e .  F lame- cu t t ing  t e c h n i q u e s  which u t i l i z e  e i t h e r  i r o n  ox ide  o r  

special  f l u x e s  i n  t h e  c u t t i n g  flame t o  mel t  o r  react  w i t h  t h e  chromium ox ide  t h a t  

i s  formed have been developed f o r  c u t t i n g  t h e  s t a i n l e s s  s t e e l s .  These,  however, 

are being l a r g e l y  r e p l a c e d  by plasma-arc c u t t i n g .  The plasma a r c  p rov ides  

t h e  necessa ry  h e a t  t o  m e l t  t h e  chromium o x i d e  which i s  t h e  main h indrance  t o  

normal f lame c u t t i n g  of  t h e  s t a i n l e s s  s t e e l s .  The high- speed gas  (plasma) 

stream a l s o  blows t h e  mol ten  metal away from t h e  c u t t i n g  f a c e .  The plasma 

a r c  can be used t o  c u t  any mater ia l  t h a t  i s  e l e c t r i c a l l y  conduc t ive .  T h e r e f o r e ,  

t h i s  method i s  commonly used t o  Cut m e t a l s  t h a t  a r e  d i f f i c u l t  o r  imposs ib le  t o  

c u t  e f f i c i e n t l y  by c o n v e n t i o n a l  m e t a l - c u t t i n g  methods such as t h e  oxyace ty lene  

c u t t i n g  p rocess .  25 



Plasma-Arc Cu t t ing .  For  c u t t i n g  metals, t h e  plasma arc  i s  e s t a b l i s h e d  

between t h e  e l e c t r o d e  and t h e  workpiece;  v a r i o u s  g a s e s  are used t o  form t h e  

p l a s m a ,  depending on t h e  p a r t i c u l a r  metal be ing  c u t .  I n  c o n t r a s t  t o  t h e  oxy- 

a c e t y l e n e  p roces s ,  where t h e  c u t t i n g  speed is l i m i t e d  by t h e  rate a t  which t h e  

chemical  react ion between oxygen and i r o n  proceeds ,  t h e  c u t t i n g  speed of t h e  

plasma arc i s  l i m i t e d  o n l y  by t h e  power a v a i l a b l e  f o r  c u t t i n g  and t h e  q u a l i t y  

of  t h e  c u t  i t s e l f .  The q u a l i t y  of  c u t t i n g  i s  governed l a r g e l y  by t h e  cho ice  

and /o r  magnitude of  t h e  fo l lowing  p roces s  v a r i a b l e s :  (1) type  o f  p lasma g a s ,  

( 2 )  gas  f low ra te ,  (3)  c u t t i n g  speed ,  and ( 4 )  s t and- of f  d i s t a n c e s .  Torch 

parameters such as t h e  s i z e  o f  t h e  c u t t i n g  t i p  and t h e  s e l e c t e d  power l e v e l  

a r e  more i n  t h e  n a t u r e  of dependent  v a r i a b l e s .  Once t h e y  are s e l e c t e d ,  t h e  process  

v a r i a b l e s  can  be a d j u s t e d  t o  produce a c c e p t a b l e  c u t t i n g .  Care must be e x e r c i s e d  

i n  making such ad jus tmen t s  when optimum c u t t i n g  c o n d i t i o n s  a r e  r e q u i r e d ,  s ince 

minor v a r i a t i o n s  a f f e c t  t h e  smoothness of  t h e  c u t  s u r f a c e ,  t h e  amount of d r o s s  

adhe r ing  t o  t h e  c u t ,  and t h e  p roduc t ion  of a n  u n d e s i r a b l e  beveled s u r f a c e .  

T y p i c a l  c o n d i t i o n s  f o r  plasma c u t t i n g  of s t a i n l e s s  s t e e l s  are g iven  i n  

Tab le  VII. 

DISTORTION CONTROL AND TOOLING 

Because of  t h e  p a t t e r n  of h e a t i n g  and c o o l i n g  which develops  d u r i n g  weld ing ,  

any welded par t  i s  s u b j e c t  t o  a c e r t a i n  amount of d i s t o r t i o n .  The amount of 

d i s t o r t i o n  o c c u r r i n g  i n  welded s t a i n l e s s  s tee l s  may be g r e a t e r  t h a n  t h a t  encountered  

w i t h  o t h e r  materials, p a r t i c u l a r l y  low- al loy  s tee l s .  T h i s  i s  because t h e  s t a i n l e s s  
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TABLE V I I .  PLASpUi-ARC CUTTING CONDITIONS FOR 
TYPE 304 STAINLESS STEELS (REF. 23) 

T i p  Plasma G a s  Flow C u t t i n g  
Thickness ,  D i a m e t e r ,  Ra te ,  c f h  Power, Speed. 

A kw ipm i n .  i n .  N2 H2 

114 3/32 90 5 --- 30 35 

112 3/32 90 5 --- 30 25 

1 7/64 120 l o  --- 50 30 

1 9/64 150 20 ---  100 55 

1 118 - - -  20 145 30 25 

1-112  9/64 150 20 --- 100 30 

1-112 1/8 - - -  20 145 50 20 

2 9/64 150 20 - -- 100 15 

2 7/32 - - -  60 110 100 30 

3 3/16 200 20 - - -  150 10  

3 7/32 - - -  60 110 100 25 

4 3/16 200 20 - - -  2 00 6 

4 7 132 - - -  60 110 100 25 

5 7/32 -- - 70 130 150 10 

8 7/32 - - -  70 130 150 4 

6 7/32 - - -  70 130 150 6 

Note: For a g iven  p l a t e  t h i c k n e s s  t h e r e  is more than  one set of 
c o n d i t i o n s  t h a t  w i l l  produce a c c e p t a b l e  c u t s .  
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steels  expand more on h e a t i n g  and do not  conduct  t h e  h e a t  of  t h e  a r c  away from 

t h e  weld area n e a r l y  as f a s t  as do low- al loy s t ee l  and o t h e r  metals. For t h e s e  

r e a s o n s ,  g r e a t e r  care i s  r e q u i r e d  t o  c o n t r o l  d i s t o r t i o n  i n  s t a i n l e s s  s t e e l  than  

i s  r e q u i r e d  f o r  o t h e r  m e t a l s ,  

A b u t t  weld i n  s t a i n l e s s  s t ee l  s h e e t  w i l l  become bowed i n  t h e  d i r e c t i o n  o f  

t h e  weld. T h i s  i s  due t o  t h e  l eng thwise  sh r inkage  of  t h e  weld metal and is c a l l e d  

t h e  “ d r a w s t r i n g  e f f e c t “ .  The weld a l s o  s h r i n k s  a c r o s s  i t s  wid th  and,  i n  so do ing ,  

w i l l  c a u s e  t h e  two pieces be ing  welded t o  draw t o g e t h e r  and c l o s e  up t h e  j o i n t  

ahead of t h e  weld.  S u r p r i s i n g l y ,  plates and s h e e t s  may s p r e a d  apar t  i f  t h e  welding 

t r a v e l  speed i s  h i g h  enough. Welds i n  p l a t e  do  not  bow a p p r e c i a b l y  because t h e  

r e s t r a i n t  i s  s o  h i g h .  However, t h e y  a r e  s u b j e c t  t o  a n g u l a r  d i s t o r t i o n .  Th i s  

type  of  d i s t o r t i o n  o c c u r s  i n  p l a t e  when a beve led  j o i n t  and a number of  passes 

are used.  The opening a t  t h e  t o p  of  t h e  j o i n t  i s  c o n s i d e r a b l y  wider  t h a n  a t  t h e  

bottom of  t h e  j o i n t .  Moreover, t h e  r o o t  pass  a c t s  as a p i v o t ,  keeping t h e  pa r t s  

from p u l l i n g  i n  uniformly a c r o s s  t h e  j o i n c  width .  Then, as each pass a f t e r  t h e  

r o o t  pass i s  put i n  and s h r i n k s ,  i t  w i l l  p u l l  t h e  two p i e c e s  t o g e t h e r  a t  a n  a n g l e .  

F i l l e t ,  l a p ,  and c o r n e r  welds a l s o  are s u b j e c t  t o  s i m i l a r  d i s t o r t i o n s .  

There  are t h r e e  b a s i c  methods of  c o n t r o l l i n g  d i s t o r t i o n  caused by welding:  

(1) reduce sh r inkage  f o r c e s  by c o n t r o l l i n g  weld-bead sequence and h e a t  i n p u t ,  

( 2 )  o f f s e t  t h e  pa r t s ,  and ( 3 )  r e s t r a i n  t h e  j o i n t  by t a c k i n g  and by u s i n g  j i g s  and 

f i x t u r e s .  

DISTORTION CONTROL BY REDUCTION OF SHRINKAGE FORCES 

Shr inkage f o r c e s  cannot  be e l i m i n a t e d .  However, t h e r e  a r e  methods f o r  

r educ ing  t h e  d i s t o r t i o n  caused by sh r inkage  f o r c e s .  These methods i n c l u d e  

avo id ing  overwelding,  be ing  s u r e  of good f i t u p ,  u s i n g  b a c k s t e p  and s k i p  welding,  

and c o n t r o l l i n g  h e a t  i n p u t  and p r e h e a t .  
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Excess weld m e t a l  may i n c r e a s e  d i s t o r t i o n  because t h e r e  i s  more m e t a l  t o  

. shr ink .  I d e a l l y ,  t h e  s u r f a c e  o f  a b u t t  weld should  be f l u s h  w i t h  t h e  s u r f a c e  

of  t h e  base  metal. T h i s  i s  d i f f i c u l t  t o  do,  so b u t t  welds  are made w i t h  a s m a l l  

. amount o f  r e in fo rcemen t .  However, t h e  amount of r e in fo rcemen t  should  be k e p t  

as small a s  p o s s i b l e .  For  a f i l l e t  o r  l a p  weld,  t h e  s t r e n g t h  of  t h e  j o i n t  i s  

determined by t h e  t h r o a t  dep th  of t h e  weld. Excess weld metal does n o t  i n c r e a s e  

t h e  s t r e n g t h  h e r e ,  f o r  once t h e  f i l l e t  i s  l a r g e  enough t h e  base m e t a l  becomes 

t h e  weakest  l i n k  i n  t h e  c h a i n .  The s i z e  o f  l a p  and f i l l e t  welds should  no t  exceed 

t h e  s i z e  i n d i c a t e d  i n  s p e c i f i c a t i o n s  o r  on drawings.  The s u r f a c e  o f  t h e s e  welds 

should  be a s  f l a t  as t h e  welder  can  make them. 

One way t o  avoid  exces s  weld me ta l  and ,  t h u s ,  reduce d i s t o r t i o n  i s  t o  use 

c o r r e c t  j o i n t  spac ing  (gap o r  r o o t  opening) .  Use a j o i n t  opening wide enough 

f o r  good p e n e t r a t i o n ,  bu t  no wider .  I f  t h e  opening i s  t o o  w i d e ,  more weld metal 

w i l l  be needed t o  f i l l  t h e  gap and more sh r inkage  w i l l  occu r .  C o r r e c t  j o i n t  gap  

u s u a l l y  i s  no more t h a n  1 /16  i n c h  r e g a r d l e s s  of t h e  weld ing  process  o r  t h i c k n e s s .  

No gap i s  p o s s i b l e  w i t h  many p roces ses  and t h i n  m a t e r i a l s .  

Backstep and s k i p  weld ing  can be used f o r  long cont inuous  welds.  I n  both 

of  t h e s e  methods, s h o r t  i n t e r m i t t e n t  w e l d s  a r e  made. For  backs t ep  weld ing ,  each  

bead i s  s t a r t e d  some d i s t a n c e  ahead of  t h e  p rev ious  bead and i s  welded back t o  

j o i n  t h e  beginning  of  t h e  p rev ious  bead.  A s k i p  weld i s  a ser ies  of  s h o r t  beads 

made some d i s t a n c e  a p a r t ,  The gaps between t h e  beads a r e  welded i n  a f t e r  t h e  

beads have cooled .  These t echn iques  u s u a l l y  a r e  used  w i t h  s h i e l d e d  metal-arc 

weld ing  o r  w i t h  manual GMA welding.  

When welding t h i n  material, lengthwise  o r  " drawst r ing"  bowing of  t h e  p a r t  

i s  u s u a l l y  t h e  most s e r i o u s  type  of  d i s t o r t i o n .  T h i s  can be reduced by u s i n g  as 

small a n  e l e c t r o d e  s i z e  ( s h i e l d e d  me ta l- a rc  and GMA welding)  and as low a c u r r e n t  

s e t t i n g  a s  i s  p r a c t i c a l .  I n  t h i c k e r  m a t e r i a l ,  c ros swise  o r  a n g u l a r  d i s t o r t i o n  
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i s  more a p t  t o  occur .  Th i s  can  be reduced by c u t t i n g  down t h e  number o f  passes, 

making t h e  p a s s e s  h e a v i e r ,  and i n c r e a s i n g  t h e  weld ing  t ravel  speed.  

DISTORTION CONTROL BY OFFSETTING PARTS AND BALANCING SHRINKAGE FORCES 

I f  t h e  o p e r a t o r  can  estimate t h e  amount of s h r i n k a g e  o r  d i s t o r t i o n  t h a t  w i l l  

occur  i n  a p a r t i c u l a r  weld j o i n t ,  h e  can  c o r r e c t  f o r  t h i s  d i s t o r t i o n  by o f f s e t t i n g  

t h e  p a r t s .  The weld ing  d i s t o r t i o n  t h e n  w i l l  p u l l  t h e  p a r t s  i n t o  t h e  c o r r e c t  

p o s i t i o n  o r  a l ignment .  

T h i s  method i s  p a r t i c u l a r l y  good f o r  T - j o i n t s .  The "leg" o f  t h e  T i s  o f f s e t  

be fo re  t h e  weld i s  made. The sh r inkage  of  t h e  weld p u l l s  t h e  l e g  t o  i t s  proper  

90-degree p o s i t i o n .  I f  two welds are t o  be made, one on each s i d e  of t h e  l e g ,  

t h e  "cap" of t h e  T could  be b e n t  s l i g h t l y  be fo re  t h e  welding w i t h  t h e  same r e s u l t s  

a f t e r  t h e  welds are complete .  B u t t  w e l d s  and co rne r  welds made from one s i d e  

can be o f f s e t  b e f o r e  weld ing  t o  compensate f o r  d i s t o r t i o n .  The amount of o f f s e t  

r e q u i r e d  w i l l  v a r y  g r e a t l y ,  depending on t h e  m a t e r i a l  t h i c k n e s s ,  welding parameters, 

welding p roces s ,  and weld ing  t echn ique .  N o  s p e c i f i c  d a t a  are a v a i l a b l e  f o r  t h e  

amount of o f f s e t  r e q u i r e d  f o r  s t a i n l e s s  s teels .  

O f f s e t t i n g  o r  prebending u s u a l l y  i s  used f o r  s h o r t  welds and s i m p l e  shapes .  

For  long welds ,  o r  f o r  welds i n  complex s t r u c t u r e s ,  t h e s e  methods may become 

t o o  compl ica ted  t o  g i v e  s a t i s f a c t o r y  r e s u l t s .  

Shr inkage  f o r c e s  can  o f t e n  be ba lanced  a g a i n s t  each  o t h e r  t o  p reven t  

d i s t o r t i o n .  

t h e  proper  weld ing  sequence i s  used.  I f  t h e  beads are d e p o s i t e d  a l t e r n a t e l y  on 

o p p o s i t e  s i d e s  o f  t h e  j o i n t ,  t h e  sh r inkage  o f  one bead w i l l  be ba lanced  a g a i n s t  

t h e  sh r inkage  from t h e  bead made on t h e  o t h e r  s i d e  of  t h e  j o i n t  and t h e  p a r t s  

shou ld  remain f l a t .  The same r e s u l t s  can be  o b t a i n e d  i n  T-welds by making s h o r t  

i n t e r m i t t e n t  welds on o p p o s i t e  s i d e s  o f  t h e  l eg .  
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DISTORTION CONTROL BY TACK WELDING AND J I G G I N G  

Usua l ly  t h e  most pract ica l  way t o  prevent  d i s t o r t i o n  i s  t o  f a s t e n  o r  clamp 

t h e  par ts  r i g i d l y  b e f o r e  weld ing  so  t h a t  t h e y  cannot  move. For s i m p l e  welds ,  

t h i s  can be done by t a c k i n g  b e f o r e  welding.  For  Large parts f o r  complex shapes  

o r  f o r  c r i t i c a l  a s sembl i e s  j i g s  o r  f i x t u r e s  are needed. 

Tackweldin&. Tack welds a r e  used  c h i e f l y  t o  keep t h e  parts from drawing 

t o g e t h e r  o r  sp read ing  a p a r t  du r ing  welding.  I n  o t h e r  words, t h e y  a r e  used t o  

m a i n t a i n  t h e  r i g h t  j o i n t  a l ignment  and gap. They w i l l  no t  prevent  a n g u l a r  o r  

l eng thwise  d i s t o r t i o n  o r  bowing. Tack welds should  always be used when t h e  p a r t s  

a r e  no t  clamped i n  a j i g  and sometimes t h e y  are u s e f u l  even w i t h  a j i g .  The 

spac ing  between t a c k  welds depends on t h e  t h i c k n e s s  of t h e  m a t e r i a l  -- t h e  t h i n n e r  

t h e  m a t e r i a l  t h e  c l o s e r  t h e  t a c k  welds .  

neces sa ry .  

They may be as c l o s e  as 314 i nch  i f  

Tack welds ,  however, can  be a sou rce  o f  d e f e c t s  when t h e  subsequent  welds 

a r e  made. Tack welds are s u b j e c t  t o  c r a c k i n g  i f  t h e y  are t o o  small. For t h i s  

r ea son ,  t h e y  should  always be  i n s p e c t e d  and ,  i f  c r acked ,  ground o u t  b e f o r e  sub-  

sequent  welding.  Sound t a c k  welds should be ground t o  a smooth con tou r  t h a t  

b lends  e v e n l y  i n t o  t h e  base  me ta l .  This  w i l l  f a c i l i t a t e  complete m e l t i n g  of  t h e  

t a c k  weld i n t o  t h e  subsequent  weld. 

J i g g i n g .  J i g s  are used f o r  two purposes:  (1)  t o  h o l d  t h e  p i e c e s  d u r i n g  

welding,  and (2)  t o  p reven t  d i s t o r t i o n .  For  h o l d i n g  p i e c e s  t o g e t h e r  f o r  weld ing ,  

j i g s  can  be used w i t h  any t h i c k n e s s  o f  material. 

j i g g i n g  i s  n o t  v e r y  e f f e c t i v e  f o r  material  over  about  114 i nch  t h i c k .  The sh r inkage  

f o r c e s  t h a t  deve lop  i n  welds of  t h i c k  m a t e r i a l  become so g r e a t  t h a t  a j i g  t o  ho ld  

To c o n t r o l  d i s t o r t i o n ,  though,  

t h e s e  f o r c e s  would be t o o  bulky  t o  be p r a c t i c a l .  

d i s t o r t i o n  shou ld  be used when weld ing  t h i c k  s t a i n l e s s  s tee l  s e c t i o n s .  

Thus, o t h e r  means o f  c o n t r o l l i n g  
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J igs  can be s imple  o r  complex, depending on t h e  shape o f  the parts be ing  

The complex j i g s  u s u a l l y  are i n t e n d e d  f o r  o n l y  one s p e c i f i c  j o b  run,  welded. 

Simple j i g s ,  though, c a n  be used f o r  a wide v a r i e t y  o f  welding jobs .  

The s i m p l e s t  j i g  c o n s i s t s  of  a backup b a r ,  two hold-down b a r s ,  and some 

C-clamps ( F i g u r e  3 ) .  

p e n e t r a t i o n  can  be o b t a i n e d .  T h i s  groove should  be abou t  3 /32 i n c h  deep and 

about  10 t i m e s  wider  t h a n  t h e  s h e e t  t h i c k n e s s ,  b u t  never  less t h a n  3 /16  i n c h  wide. 

The backup b a r  shou ld  be grooved so t h a t  p roper  weld 

Copper i s  t h e  b e s t  material  f o r  t h e  backup b a r .  The weld meta l  w i l l  no t  f u s e  

t o  t h e  copper  and t h e  copper w i l l  a c t  as a c h i l l  b a r  t o  coo l  t h e  weld j o i n t  q u i c k l y  

t o  a i d  i n  r e d u c t i o n  o f  d i s t o r t i o n .  The hold-down b a r s  may be of s t e e l  o r  copper  

w i t h  copper  p r e f e r r e d  i f  r a p i d  c o o l i n g  i s  d e s i r e d .  Water cooled j i g s  are sometimes 

used t o  c o n f i n e  t h e  welding h e a t  and promote f a s t  c o o l i n g .  The edges  o f  t h e  hold-  

down b a r s  a r e  beve led  so  t h a t  t h e r e  i s  room t o  weld. 

Both t h e  hold-down and backup b a r s  should  be r i g i d  so  t h a t  t h e  weld sh r inkage  

w i l l  n o t  bend t h e  j i g  p a r t s .  The b a r s  should  be a t  least  1 i 2  i n c h  t h i c k .  A 

good p r a c t i c e  i s  t o  make t h e  backup b a r  of  s t e e l  w i t h  a grooved copper  i n s e r t .  

Added r i g i d i t y  can be o b t a i n e d  by u s i n g  a n g l e s ,  T - s e c t i o n s ,  o r  T-beams f o r  t h e  

hold-down and backup b a r s .  

Where long welds  are t o  be made, t h e s e  s i m p l e  j i g g i n g  sys tems o f t e n  become 

awkward t o  u s e .  I f  t h e  p i e c e s  b e i n g  welded are a l s o  wide,  i t  may be p o s s i b l e  t o  

a p p l y  clamps o n l y  a t  t h e  ends  of  t h e  j o i n t .  To c l a m p  t h e  c e n t e r  of  t h e  j o i n t  

would r e q u i r e  C- clamps w i t h  imprac t ica l  t h r o a t  d e p t h s .  For such a p p l i c a t i o n s ,  

s p e c i a l  j i g s  have t o  be b u i l t  o r  purchased commercial ly.  One j i g g i n g  method 

uses  common f i r e  hose as t h e  clamping d e v i c e .  The f i r e  hose i s  i n f l a t e d  w i t h  

a i r  under  p r e s s u r e  t o  f o r c e  t h e  clamping f i n g e r s  a g a i n s t  t h e  p a r t s  b e i n g  welded 
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FIGURE 3 .  SIMPLE J I G G I N G  FOR BUTT WELDS 
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( F i g u r e  4 ) .  Othe r  j i g s  u se  v a r i o u s  t y p e s  of  mechanical  f i n g e r s  t o  a p p l y  t h e  

clamping p r e s s u r e  and a r e  c a l l e d  s t a k e  we lde r s  o r  s t a k e  f i x t u r e s  (F igu re  5) .  

F i l l e t  welds and c o r n e r  welds can  be j i g g e d  u s i n g  t h e  s imp le  " ang le- i ron  

and C-clamp" equipment.  

o f f  so t h a t  good f i t u p  c a n  be ob ta ined .  A s  w i t h  b u t t  welds,  long f i l l e t  o r  c o r n e r  

j o i n t s  w i l l  r e q u i r e  s p e c i a l  j i g s .  The examples g iven  f o r  b u t t  welds can  be 

modi f ied  e a s i l y  f o r  f i l l e t  and c o r n e r  welds .  The same j i g g i n g  p r i n c i p l e s  a l s o  

app ly  t o  edge and l a p  welds .  The j i g g i n g  may a l s o  be combined w i t h  t h e  weld ing  

mechanism where p r e c i s e  c o n t r o l  o f  t h e  o r i e n t a t i o n  of t h e  weld ing  t o r c h  w i t h  t h e  

j o i n t  i s  r e q u i r e d .  Such a s e t u p  i s  i l l u s t r a t e d  i n  F igu re  6. T h i s  a p p a r a t u s  w a s  

used f o r  f a b r i c a t i n g  t h e  s t a i n l e s s  s t e e l  dome s e c t i o n s  of  Atlas and Centaur  

miss i l e  tankage.  The p i e c e s  t o  be welded a r e  clamped t o  t h e  c o n i c a l  shaped j i g .  

The GTA welding t o r c h  r i d e s  on t h e  curved t r a c k .  Both t h e  t r a c k  and j i g  are 

i n t e g r a l  p a r t s  of t h e  equipment assembly so t h e i r  r e l a t i v e  p o s i t i o n s  are r i g i d l y  

ma i n  t a i n e  d . 

The s h a r p  c o r n e r s  on t h e  a n g l e  p i e c e s  should  be ground 

The t o o l i n g  used i n  r e s i s t a n c e  weld ing  s t a i n l e s s  s t ee l s  i s  g e n e r a l l y  s imilar  

t o  t o o l i n g  used i n  r e s i s t a n c e  weld ing  o t h e r  m a t e r i a l s .  Res is tance- weld ing  t o o l i n g  

c o n s i s t s  of  s u i t a b l e  f i x t u r e s  o r  j i g s  t o  ho ld  t h e  parts  i n  proper  p o s i t i o n  f o r  

weld ing  and t o  conduct  weld ing  c u r r e n t  t o  t h e  parts .  Sometimes t o o l i n g  i s  a l s o  

des igned  t o  index  t h e  p a r t  th rough t h e  welding equipment t o  i n s u r e  t h a t  welds 

are made a t  t h e  proper  p o s i t i o n s .  The same g e n e r a l  r u l e s  fol lowed i n  des ign ing  

any r e s i s t a n c e - w e l d i n g  t o o l i n g  should  be fol lowed f o r  t o o l i n g  des igned  f o r  

use w i t h  s t a i n l e s s  s tee l s .  Gene ra l ly ,  t h i s  means t h a t  nonmeta l l i c  o r  nonmagnetic 

components should  be used e x c l u s i v e l y ,  and t h e  t o o l i n g  should  not  contaminate  t h e  

base  metal. 
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FIGURE 4 ,  VARIOUS SYSTEMS FOR ACTUATING HOLD-DOWN FINGERS I N  WELDING J I G S  
( C o u r t e s y  A i r l i n e  Welding and E n g i n e e r i n g )  
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FIGURE 6 .  SPECIAL JIGGING ASSEMBLY FOR WELDING DOMES FOR STAINLESS STEEL 
MISS ILE TANKAGE 
(Courtesy Convair Division, General Dynamics Corporation) 
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J O I N I N G  PROCESSES 

Many j o i n i n g  p r o c e s s e s  can  b e  used f o r  j o i n i n g  s t a i n l e s s  s tee l s .  These 

p r o c e s s e s  f a l l  i n t o  three major g roups :  

(1) Fus ion  welding 

( 2 )  S o l i d - s t a t e  bonding 

(3) Brazing and s o l d e r i n g .  

Fusion-welding p r o c e s s e s  are  t h o s e  i n  which a p o r t i o n  of t h e  b a s e  metal i s  melted 

d u r i n g  t h e  j o i n i n g  o p e r a t i o n .  These p r o c e s s e s  i n c l u d e  t h e  v a r i o u s  types  of a r c  

welding,  e l ec t ron- beam welding,  plasma welding,  and r e s i s t a n c e  welding.  S o l i d -  

s t a t e  bonding i n c l u d e s  t h e  p r o c e s s e s  i n  which no molten metal, e i t h e r  b a s e  metal 

o r  f i l l e r  metal, i s  produced i n  the weld j o i n t .  Bonding i s  ach ieved  s imply  by 

t h e  d i f f u s i o n  of  atoms o f  t h e  p i e c e s  b e i n g  j o i n e d  a c r o s s  t h e  i n t e r f a c e  between 

t h e  two p i e c e s .  I n  b r a z i n g  and s o l d e r i n g ,  a mol ten  f i l l e r  metal i s  used,  b u t  

no m e l t i n g  of t h e  b a s e  metal o c c u r s .  

The f u s i o n  welding p rocesses  are t h e  most f r e q u e n t l y  used methods of j o i n i n g  

s t a i n l e s s  s t e e l .  Braz ing  s t a i n l e s s  s tee l  a l s o  i s  common, b u t  t h e  a p p l i c a t i o n s  are 

more l i m i t e d  t h a n  t h o s e  f o r  which f u s i o n  welding are used.  S o l i d - s t a t e  welding 

i s  l i m i t e d  t o  s p e c i a l i z e d  a p p l i c a t i o n s .  

The v a r i o u s  p rocesses  a re  d e s c r i b e d  b r i e f l y  i n  Appendix A .  D e t a i l e d  de-  

s c r i p t i o n s  of  the p r o c e s s e s  and equipment c a n  b e  found i n  Refe rences  19 and 22 .  

FUSION WELDING 

Fusion-welding p rocesses  a re  t h o s e  i n  which s u b s t a n t i a l  amounts of molten metal 

are produced d u r i n g  t h e  j o i n i n g  o p e r a t i o n .  Fus ion  welding p r o c e s s e s  f r e q u e n t l y  are 

thought  of b e i n g  o n l y  t h e  a rc- weld ing  p rocesses .  However, t h e r e  are o t h e r  p rocesses  

t h a t  r i g h t f u l l y  be long  i n  t h i s  c a t e g o r y ,  p a r t i c u l a r l y  r e s i s t a n c e  welding.  A l l  of  

t h e  f u s i o n  welding p rocesses  t h a t  commonly have been used i n  t h e  f a b r i c a t i o n  of 

s t a i n l e s s  s tee l  hardware are inc luded  i n  t h i s  s e c t i o n .  P rocesses  such  as e l e c t r o s l a g ,  

e l e c t r o g a s ,  and Narrow-Gap welding are n o t  used w i t h  s t a i n l e s s  s tee l  so are no t  
covered i n  t h i s  r e p o r t .  
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The a rc- weld ing  p r o c e s s e s  have had wide a p p l i c a t i o n  i n  j o i n i n g  s t a i n l e s s  s tee ls .  

The most f r e q u e n t l y  used i s  t h e  s h i e l d e d  metal-arc p r o c e s s .  Gas- shie lded 

t u n g s t e n- a r c  (GTA) and g a s- s h i e l d e d  metal-arc (GMA) p r o c e s s e s  are used t o  a 

lesser degree  w h i l e  t h e  u s e  of  submerged a r c  welding i s  q u i t e  l i m i t e d .  E l e c t r o n -  

beam welding i s  f i n d i n g  e v e r  widening a c c e p t a n c e ,  p a r t i c u l a r l y  i n  t h e  j o i n i n g  of  

t h i n  s h e e t .  Plasma welding h a s  had o n l y  l i m i t e d  u s e ,  a1 though t h e  

a p p l i c a t i o n  o f  plasma f o r  c u t t i n g  i s  r e l a t i v e l y  common. 

R e s i s t a n c e  s p o t  welding h a s  been used e x t e n s i v e l y  f o r  f a b r i c a t i n g  s t a i n l e s s  

s teels .  Seam welding,  p r o j e c t i o n  welding,  and f l a s h  welding a l s o  have been used 

f o r  t h e s e  a l l o y s  b u t  t o  a lesser degree .  

S h i e l d e d  Metal-Arc Welding. The s h i e l d e d  metal-arc p rocess  (which i s  a l s o  

c a l l e d  covered e l e c t r o d e ,  me ta l- a rc ,  o r  s t i c k  we ld ing)  i s  t h e  most common method 

of  f u s i o n  welding s t a i n l e s s  s t ee l .  The c h i e f  advantages  of t h i s  p rocess  are i t s  

v e r s a t i l i t y  and s imple  equipment r equ i rements .  Covered e l e c t r o d e s  are  a v a i l a b l e  

t h a t  produce weld d e p o s i t s  w i t h  composi t ions  tha t  match a l l  of  t h e  common t y p e s  

o f  s t a i n l e s s  s tee ls .  S h i e l d e d  metal-arc welding can  b e  used t o  weld s t a i n l e s s  

s t ee l  as t h i n  as 1/16 i n c h  as w e l l  as heavy p l a t e .  Out- of- pos i t ion  welds can  b e  

made e a s i l y .  The o n l y  equipment t h a t  i s  r e q u i r e d  i s  a power supp ly ,  a n  e l e c t r o d e  

h o l d e r ,  and connec t ing  c a b l e s .  

On t h e  n e g a t i v e  s i d e ,  s h i e l d e d  m e t a l - a r c  welding i s  s lower  t h a n  some of  t h e  

o t h e r  a rc- weld ing  p r o c e s s e s .  Also ,  t h e q a l i t y  of t h e  welded j o i n t  depends on the 

w e l d e r ’ s  s k i l l  and d e g r e e  of  c o n c e n t r a t i o n .  

E l e c t r o d e s  f o r  u s e  w i t h  t h e  s h i e l d e d  metal-arc p rocess  were l i s t e d  i n  T a b l e  I. 

These e l e c t r o d e s  are  a v a i l a b l e  w i t h  two types  of  c o v e r i n g s :  (1) lime-covered 

e l e c t r o d e s  f o r  welding w i t h  d-c reverse ( e l e c t r o d e  p o s i t i v e )  p o l a r i t y ,  as shown 
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by the  number -15 i n  the e l e c t r o d e  numbering sys tem;  e .g . ,  E308-15, and ( 2 )  

t i t a n i a - c o v e r e d  e l e c t r o d e s  used f o r  we ld ing  w i t h  e i ther  a-c o r  d-c r e v e r s e  p o l a r i t y  

as shown by t h e  number -16 i n  the e l e c t r o d e  numbering sys tem;  e .g . ,  E308-16. 

The l ime-covered d-c e l e c t r o d e s  are p r e f e r r e d  f o r  o u t - o f - p o s i t i o n  welding.  

The slag tha t  i s  formed f r e e z e s  q u i c k l y  and p r o v i d e s  good w e t t i n g  a c t i o n  by the 

weld metal; t h i s  h e l p s  t o  p reven t  u n d e r c u t t i n g .  These e l e c t r o d e s  are e s p e c i a l l y  

s u i t e d  f o r  making r o o t  pasqes  as the  weld bead i s  convex which h e l p s  t o  p r e v e n t  

Cracking when t h e  weld bead c o o l s ,  Very l i t t l e  s p a t t e r  i s  produced.  However, 

t h i s  s p a t t e r  i s  v e r y  a d h e r e n t  and h a r d  t o  remove. 

Most we lde rs  p r e f e r  t h e  t i t a n i a - c o v e r e d  e l e c t r o d e s  s i n c e  a smoother and 

b e t t e r  a p p e a r i n g  weld bead can  b e  d e p o s i t e d .  The s l a g  i s  ve ry  easy  t o  remove. 

While t i t a n i a - c o v e r e d  e l e c t r o d e s  c a n  be w e d  f o r  o u t - o f - p o s i t i o n  welding,  t h e y  

are n o t  as good as t h e  l ime- covered e l e c t r o d e s  f o r  t h i s  purpose.  

The c o v e r i n g  on t h e s e  e l e c t r o d e s  has a tendency t o  p i c k  up m o i s t u r e  from t h e  

a i r  i f  t h e  e l e c t r o d e s  are n o t  k e p t  i n  a c l o s e d  c o n t a i n e r .  Mois tu re  i n  t h e  c o a t i n g  

may c a u s e  p o r o s i t y  i n  t h e  weld metal. Thus, e l e c t r o d e s  from f r e s h l y  opened con- 

t a i n e r s  shou ld  always b e  used i f  p o s s i b l e .  I f  e l e c t r o d e s  must b e  used t h a t  have 

been o u t  o f  t h e  c o n t a i n e r  f o r  some time, they  shou ld  b e  d r i e d  i n  a n  e l e c t r o d e  

d r y i n g  oven. Usua l ly ,  i t  i s  w e l l  t o  keep e l e c t r o d e s  i n  a d r y i n g  oven a f t e r  t h e  

c o n t a i n e r  i s  opened. The tempera tu re  of  the d r y i n g  oven shou ld  f o l l o w  t h e  

e l e c t r o d e  m a n u f a c t u r e r ' s  recommendations. This  i s  e s p e c i a l l y  impor tan t  s i n c e  t h e  

wrong t e m p e r a t u r e  c a n  damage the e l e c t r o d e  cover ing .  T y p i c a l l y ,  t h e  e l e c t r o d e s  

are s t o r e d  i n  d r y i n g  ovens a t  225 F f 5 0  F a f t e r  opening ( R e f .  2 4 ) .  

t r o d e s  are exposed t o  m o i s t u r e ,  t h e  s t a i n l e s s  s tee l  e l e c t r o d e s  are h e a t e d  t o  180 F 

f o r  one hour  fo l lowed by baking a t  350 F f o r  one hour .  

I f  t h e  elec- 

Types of  Weld J o i n t s .  Weld j o i n t s  i n  s t a i n l e s s  s teels  shou ld  b e  

des igned t o  minimize t h e  amount of weld metal d e p o s i t e d .  The weld metal s h r i n k a g e  
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exper ienced  w i t h  t h e s e  s tee ls  is  g r e a t e r  t h a n  i n  ca rbon  o r  low- al loy steels due t o  

t h e  h i g h  thermal  expansion of s t a i n l e s s  s teels .  By minimizing t h e  amount of  

d e p o s i t e d  weld metal, weld j o i n t  s h r i n k a g e  and d i s t o r t i o n  a l s o  i s  minimized. 

* Typica l  weld j o i n t s  f o r  t h e  s h i e l d e d  metal-arc welding of  s t a i n l e s s  s tee l  are 

i l l u s t r a t e d  i n  F i g u r e  7. 

mensurate  w i t h  f u l l  p e n e t r a t i o n .  

Root openingsshould  be  k e p t  as narrow as p o s s i b l e  com- 

I n  b u t t  welds ,  s q u a r e  j o i n t s  can  b e  used i n  s h e e t  up t o  118 inch .  For  s t a i n -  

less s tee l  3 /16  t o  1 1 2  i n c h  t h i c k ,  t h e  edges of t h e  p a r t s  should  b e  beve led  t o  

produce a 60-degree V- j o i n t .  A s w i t c h  t o  a U-groove i n  p l a t e  over  1 1 2  i n c h  t h i c k  

r e q u i r e s  less weld metal t h a n  does a V-groove. The U-groove i s  more expens ive  t o  

p r e p a r e  t h a n  t h e  V-groove b u t  t h e  use  of  less weld metal d e c r e a s e s  t h e  amount of 

d i s t o r t i o n .  A double-V groove can  b e  used i n  p l a c e  of the U-groove i f  welding 

c a n  be  done from b o t h  s i d e s  of t h e  j o i n t .  S i m i l a r  r u l e s  are  fol lowed i n  d e s i g n-  

i n g  f i l l e t - w e l d  j o i n t s .  

A l l  welds  i n  s t a i n l e s s  s t ee l  o v e r  114 i n c h  t h i c k  shou ld  be made w i t h  a mini-  

mum of  two p a s s e s .  I n  m u l t i p a s s  we ld ing ,  each bead shou ld  b e  c l e a n e d  and wire 

brushed b e f o r e  t h e  next  bead i s  d e p o s i t e d  t o  i n s u r e  t ha t  a l l  s l a g  i s  removed, 

The b a c k s i d e  of t h e  r o o t  bead shou ld  be  ground t o  s o l i d  metal b e f o r e  welding from 

the  backs ide  of  a double-U o r  double-V j o i n t .  

Root p a s s e s  of weld j o i n t s  i n  s t a i n l e s s  s tee l  p i p i n g  f r e q u e n t l y  are made w i t h  

a consumable- inse r t  r i n g .  These r i n g s  are welded by t h e  GTA process  and are d i s -  

c u s s e d  i n  t h a t  s e c t i o n  of th i s  r e p o r t .  A f t e r  such a r o o t  pass  i s  made, the 

j o i n t  may b e  completed by the s h i e l d e d- m e t a l - a r c  p rocess .  

Welding Procedures .  No unusua l  p rocedures  are  r e q u i r e d  f o r  s h i e l d e d  

metal-arc welding of  s t a i n l e s s  steels.  The c h i e f  r equ i rement  is  t h a t  t h e  arc 

shou ld  b e  k e p t  as s h o r t  as p o s s i b l e  w i t h o u t  touch ing  t h e  molten weld puddle.  Al loy ing  
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or 

a. 1/8 to 3116-inch-thick base metal 

b. 3/16 to 1/2-inch thick base metal 

to 3/16'' 

~~ 

c. Over L / 2  inch thick 

FIGURE 7 .  TYPICAL WELD JOINTS FOR SHIELDED METAL-ARC WELDING OF 
STAINLESS STEEL (REF. L O ,  L L ,  15, 25, 26) 
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e lements  c a n  b e  l o s t  i f  a long  a r c  i s  used.  This i s  a n  ex t remely  impor t an t  p o i n t  

i n  weld ing  s t a i n l e s s  s tee l  as a small change i n  t h e  chemica l  composi t ion  can  r e s u l t  

- i n  weld metal c r a c k i n g  o r  a change i n  t h e  c o r r o s i o n  r e s i s t a n c e  of t h e  weld metal. 

The e l e c t r o d e  should  be  t i l t e d  i n  t h e  d i r e c t i o n  of  welding.  The a n g l e  of  

t i l t i n g  can  be more c r i t i c a l  t h a n  when weld ing  carbon o r  low- al loy  s tee l  as s t a i n -  

less s t ee l  weld metal is  less f l u i d  and t h e  volume o f  s l a g  i s  g r e a t e r .  The weld 

beads should  b e  d e p o s i t e d  w i t h  a s t r i n g  bead t echn ique  o r  w i t h  a s l i g h t  weave. A 

small amount of weaving i s  h e l p f u l  i n  a v o i d i n g  t r apped  s l a g  a long  t h e  edge of t h e  

bead. Excess ive  weaving should  b e  avoided as t h i s  motion can b reak  up t h e  g a s  

and s l a g  s h i e l d  and a l l o y i n g  e lements  may b e  l o s t .  The width  of t h e  weave should  

no t  exceed 2- 1/2  t o  3 times t h e  e l e c t r o d e  d i ame te r .  

The weld ing  speed i s  impor tan t  i n  s h i e l d e d  me ta l- a rc  welding of  s t a i n l e s s  

s teel .  S t a i n l e s s  s tee l  covered e l e c t r o d e s  do no t  have t h e  deep p e n e t r a t i o n  c h a r a c-  

t e r i s t i c s  of many carbon o r  low- al loy  s tee l  e l e c t r o d e s .  Thus, f u l l  p e n e t r a t i o n  may 

be d i f f i c u l t  t o  a c h i e v e  a t  t i m e s .  Deeper p e n e t r a t i o n  can  be ach ieved  i f  t h e  t r a v e l  

speed i s  such  t h a t  t h e  t i p  of t h e  e l e c t r o d e  i s  j u s t  ahead of t h e  molten puddle.  

I f  t h e  welding c u r r e n t  i s  i n c r e a s e d  t o  i n c r e a s e  p e n e t r a t i o n ,  t h e  t r a v e l  speed 

should a l s o  be  i n c r e a s e d .  I n c r e a s i n g  c u r r e n t  a l o n e  w i l l  i n c r e a s e  t h e  amount of  

molten weld metal i n  t h e  puddle which may a c t u a l l y  make deeper  p e n e t r a t i o n  h a r d e r  

t o  a c h i e v e .  

Typica l  c o n d i t i o n s  of  v o l t a g e  and c u r r e n t  are g i v e n  i n  T a b l e  V I I I .  These condi-  

t i o n s  shou ld  be  used o n l y  as a gu ide  as optimum c o n d i t i o n s  w i l l  depend on t h e  

j o i n t  shape  and a l ignment ,  metal t h i c k n e s s ,  p rox imi ty  of c h i l l  b a r s ,  brand of 

e l e c t r o d e ,  and t h e  w e l d e r ' s  p r e f e r e n c e .  I n  g e n e r a l ,  t h e  welding c u r r e n t  should 

b e  kep t  as low as p o s s i b l e  w i t h  accompanying good f u s i o n  and p e n e t r a t i o n .  High 

welding c u r r e n t s  can  l e a d  t o  lo s s  of  a l l o y i n g  e l emen t s , exces s ive  d i l u t i o n  of  

t h e  weld metal, o r  an  u n d e s i r a b l e  bead shape .  

When s t a r t i n g  t h e  weld,  t h e  a r c  should  be  s t r u c k  on ly  i n  the  weld j o i n t  where 

t h e  s t a r t i n g  s p o t  w i l l  b e  fu sed  i n t o  t h e  w e l d  o r  on a s t a r t i n g  t ab .  It i s  good 
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TABLE V I I I .  TYPICAL WELDING CONDITIONS FOR STAINLESS 
STEEL-COVERED ELECTRODES (REF, 2 5 )  

1 ec m o d e  Welding Cur ren t ,  amp 
iameter, F l a t ,  h o r i z o n t a l  Arc Voltage 

inch  and overhead Vertical v o l t s  

3 / 6 4  

1 / 1 6  

5 / 6 4  

3 / 3 2  

118 

5 / 3 2  

3 / 1 6  

114 

5 / 1 6  

15  -25 

20-40 

30-60 

45 -90 

70-120 

100-160 

130-190 

210-300 

250-400 

15 -25 

25 - 40 

35 -55 

45 -65 

70- 90 

100-125 

130 - 145 

-- 
-- 

23 

24 

24 

24 

25 

26 

27 

28 

29 
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p r a c t i c e  n o t  t o  s t r i k e  t h e  a r c  i n  a n  e x i s t i n g  crater .  Arc s t r i k e s  i n  any l o c a t i o n  

b u t  these c a n  act  as i n i t i a t i o n  p o i n t s  f o r  c r a c k i n g  and c o r r o s i o n .  

S i m i l a r l y ,  the arc shou ld  b e  s topped  over  the c r a t e r  o r  on a runof f  t a b .  

The arc shou ld  n o t  b e  c a r r i e d  o u t  of  the weld j o i n t  b e f o r e  b r e a k i n g  it. Two 

problems a r i se  i f  the arc i s  s topped  o v e r  the crater .  I f  the crater  i s  n o t  f i l l e d  

b e f o r e  s t o p p i n g  t h e  arc,  crater  c r a c k i n g  may occur  o r  t h e  c e n t e r  of  t h e  c r a t e r  

may have low c o r r o s i o n  r e s i s t a n c e  due t o  s e g r e g a t i o n  o f  a l l o y i n g  e lements .  I f  t h e  

crater  i s  f i l l e d  b e f o r e  s t o p p i n g  t h e  a r c ,  t h e  l a s t  metal added w i l l  no t  r e c e i v e  

adequa te  p r o t e c t i o n  from o x i d a t i o n .  S e v e r a l  s o l u t i o n s  t o  t h i s  problem can  b e  

used:  (1) the c r a t e r  area c a n  b e  ground or chipped o u t ;  ( 2 )  t h e  s i z e  of the 

crater can  b e  diminished by moving the a r c  r a p i d l y  a l o n g  t h e  j o i n t ;  ( 3 )  a f t e r  

t h e  a r c  i s  s topped  and t h e  crater  s t a r t s  t o  s o l i d i f y ,  the a r c  can  b e  r e s t r u c k  t o  

f i l l  t h e  crater .  

Crater c r a c k i n g  i s  encountered most f r e q u e n t l y  i n  a f u l l y  a u s t e n i t i c  weld 

metal. Thecolumbium b e a r i n g  s t a i n l e s s  s tee ls  such as Type 347 are s u s c e p t i b l e  

t o  bo th  c r a t e r  c r a c k i n g  and c r a t e r  s e g r e g a t i o n  s e v e r e  enough t o  a f f e c t  c o r r o s i o n  

res i s  t anc  e. 

A p p l i c a t i o n s .  Sh ie lded  metal-arc welding has been used e x t e n s i v e l y  

i n  f a b r i c a t i n g  components of  n u c l e a r  power r e a c t o r s .  T y p i c a l  of  t h e s e  a p p l i c a t i o n s  

are t h o s e  a t  t h e  Dresden Nuclear Power S t a t i o n  nea r  Chicago (Ref. 2 7 ) .  Within t h e  

r e a c t o r  vessel, t h e  s u p p o r t  s t r u c t u r e  f o r  t h e  n u c l e a r  c o r e  w a s  f a b r i c a t e d  from 

Type 405 f e r r i t i c  s t a i n l e s s  steel. The c o r e  s u p p o r t  g r i d  of t h i s  s t r u c t u r e  w a s  made 

of  1- i n c h- t h i c k  p l a t e  f i l l e t  welded w i t h  E312 e l e c t r o d e s .  Some p o r t i c n s  of t h e  

s u p p o r t  s t r u c t u r e  of n e c e s s i t y  had t o  be  h e a t  t r e a t e d  w i t h  the r e a c t o r  v e s s e l  

i t s e l f .  E430 e l e c t r o d e s  were used f o r  making t h e  welds t h a t  would be  h e a t  t r e a t e d .  

The pump hous ings  w e r e  made of  Type 316 c a s t i n g s .  The hous ing  w a s  cas t  i n  two 

h a l v e s  which subsequen t ly  w e r e  welded t o g e t h e r .  The r o o t  pass  of  t h e s e  welds  

were made by GTA welding.  The weld w a s  completed u s i n g  e l e c t r o d e s  e s p e c i a l l y  
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fo rmula ted  t o  d e p o s i t  welds hav ing  a f e r r i t e  c o n t e n t  of about  12 p e r c e n t  ( the 

f e r r i t e  c o n t e n t  of t h e  c a s t i n g  w a s  15 p e r c e n t ) .  C o n t r o l  r o d s  were f a b r i c a t e d  

from a s p e c i a l  18Cr-12Ni s t a i n l e s s  s teel  c o n t a i n i n g  2 p e r c e n t  boron.  The boron 

acts  as t h e  c o n t r o l  material  t o  r e g u l a t e  t h e  n u c l e a r  r e a c t i o n .  The 8-112-foot-  

long r o d s  were made of t h r e e  318- inch- th ick  p l a t e s  welded t o g e t h e r  i n  a c r o s s -  

shaped s e c t i o n .  F i l l e t  welds between t h e  p la tes  were made with E312 e l e c t r o d e s .  

Gas Tungsten-Arc Welding. The manual and au tomat ic  GTA p rocess  ( F i g u r e s  8 
of 

and 9 )  i s  used f o r  welding a l l  t y p e s / s t a i n l e s s  s tee l  where (1) a n  a r c  weld of 

s u p e r i o r  q u a l i t y  must be  made, ( 2 )  t h e  welding heat must b e  c o n t r o l l e d  v e r y  ac- 

c u r a t e l y ,  o r  ( 3 )  good as-welded appearance  i s  r e q u i r e d .  Good GTA welds are f r e e  

of p o r o s i t y ,  s l a g  i n c l u s i o n s ,  and con tamina t ion  from oxygen and n i t r o g e n  i n  t h e  

a i r .  GTA welds are c o n s i s t e n t l y  s t r o n g e r ,  more d u c t i l e ,  and have b e t t e r  c o r r o s i o n  

r e s i s t a n c e  t h a n  o t h e r  t y p e s  of a r c  welds .  With GTA welding,  t h e  welding h e a t ,  amount 

of p e n e t r a t i o n ,  and bead shape can b e  v e r y  a c c u r a t e l y  c o n t r o l l e d .  I n t e r p a s s  o r  

e l a b o r a t e  postwelding c l e a n i n g  o p e r a t i o n s  are  not  needed as t h e r e  i s  no s p a t t e r  

o r  s l a g  c r u s t  w i t h  GTA welds and t h e  bead s u r f a c e  i s  smooth and uniform. GTA welds 

can  be made wi thou t  adding f i l l e r  metal so  t h a t  bead re in fo rcement  can b e  mini-  

mized. 

The GTA process  normal ly  i s  u s e d f o r  welding s t a i n l e s s  s tee l  from around 

0.005 i n c h  up t o  114 i n c h  t h i c k .  S t a i n l e s s  s t ee l  t h i c k e r  than  114 i n c h  can  be 

GTA welded,  b u t  t h i s  i s  u s u a l l y  done on ly  f o r  c r i t i c a l  a p p l i c a t i o n s .  Gas metal- 

arc (GMA) welding i s  more economical  than  GTA welding when t h e  s t a i n l e s s  s tee l  

i s  t h i c k e r  t h a n  114 i n c h .  

E l e c t r o d e s  f o r  GTA welding of s t a i n l e s s  s tee l  are made from e i t h e r  pure  

t u n g s t e n  o r  t u n g s t e n  a l l o y e d  w i t h  thorium. The chemical  composi t ion o f  s t a n d a r d  

t u n g s t e n  e l e c t r o d e s  i s  l i s t e d  i n  T a b l e  I X .  

Compared w i t h  pure  t u n g s t e n ,  t h e  t h o r i a t e d  e l e c t r o d e s  l a s t  l o n g e r ,  make arc 

s t a r t i n g  easier ,  have a more s t a b l e  a r c  e s p e c i a l l y  a t  low c u r r e n t s ,  and have 

less tendency t o  s p i t  o f f  p a r t i c l e s  of t u n g s t e n  i n t o  t h e  weld metal. E l e c t r o d e s  

The t h o r i a t e d- t u n g s t e n  are p r e f e r r e d .  
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FIGURE 8. MANUAL GTA WELDIEG OF STAINLESS STEEL PIPING SYSTEM FOR NUCLEAR- 
POWERED SUBMARINE 
(Courtesy Linde Div i s ion ,  Union Carbide Corporat ion)  
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TABLE I X .  CHEMICAL COMPOSITION OF ELECTRODES FOR GTA 
WELDING (REF. 28) 

Tungs t e n  , T o t a l  Other 
AWS -ASTM minimum, Thorium, Zirconium, Elements, maximum, 

:lassif i c a t i o n  pe rcen t  p e r c e n t  pe rcen t  pe rcen t  

0.5 EWT 99.5 - -  -- 
0.5 EWTh - 1 98.5 0.8-1.2 -- 
0.5 EWTh - 2 97.5 1.7-2.2 - -  
0.5 EWTh -3 98.95 0.35-0.55 -- 

EWZr 99.2 - -  0.15-0.40 0.5 
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c o n t a i n i n g  z i rcon ium are r e s t r i c t e d  t o  welding w i t h  a-c c u r r e n t  where t hey  have 

b e t t e r  a r c  s t a r t i n g .  

The s i z e  of t h e  e l e c t r o d e  t o  u s e  i s  governed by t h e  amount of  welding c u r r e n t  

t h a t  i s  r e q u i r e d  t o  make t h e  weld.  The e l e c t r o d e  s i z e s  t o  b e  used f o r  v a r i o u s  

l e v e l s  of welding c u r r e n t  are g iven  i n  T a b l e  X. 

used,  t h e  a r c  can  be  d i f f i c u l t  t o  c o n t r o l .  I f  t h e  e l e c t r o d e  i s  too  small, tung-  

I f  t o o  l a r g e  an e l e c t r o d e  i s  

s t e n  may b e  d e p o s i t e d  i n t h e  weld metal. 

Fo r  welding s t a i n l e s s  s teel ,  the e l e c t r o d e  i s  ground t o  a s h a r p  p o i n t  o r  t o  a 

p o i n t  hav ing  a s l i g h t l y  rounded t i p .  During weld ing ,  a s m a l l  b a l l  of mol ten tung-  

s t e n  w i l l  form a t  t h e  end of t h e  e l e c t r o d e .  A s  long  as t h i s  b a l l  i s  small,  i t  

w i l l  n o t  i n t e r f e r e  w i t h  good a r c  c o n t r o l .  However, i f  t h e  c u r r e n t  i s  set  t o o  

high  f o r  t h e  s i z e  of e l e c t r o d e  be ing  used ,  t h e  mol ten b a l l  w i l l  become l a r g e r  

and t h e  a r c  w i l l  be  hard  t o  c o n t r o l .  A danger  a l s o  exis ts  t h a t  a l a r g e  molten 

b a l l  on t h e  end of  t h e  e l e c t r o d e  may become d i s l odged  and drop  i n t o  t h e  mol ten 

weld puddle .  The obvious s o l u t i o n  t o  avo id  such t u n g s t e n  con t amina t i on  i s  t o  u se  

t h e  nex t  l a r g e r  s i z e  of  t u n g s t e n  e l e c t r o d e .  

Care must be  e x e r c i s e d  t o  avo id  con tamina t ion  of t h e  end of t h e  e l e c t r o d e .  

E l e c t r o d e  con tamina t ion  u s u a l l y  i s  caused by touch ing  t h e  end of  t h e  e l e c t r o d e  t o  

t h e  molten weld metal. When t h e  e l e c t r o d e  i s  contamina ted ,  a l a r g e  molten b a l l  of 

a mix ture  of t u n g s t e n  and t h e  b a s e  metal w i l l  form on t h e  t i p  of t h e  e l e c t r o d e .  

I f  t h i s  happens,  t h e  welding o p e r a t i o n  should  be  h a l t e d  and t h e  e l e c t r o d e  reground 

t o  remove t h e  contaminated p o r t i o n .  

F i l l e r  w i r e  f e e d e r s  are used i n  mechanized and au tomat ic  GTA weld ing  t o  add 

f i l l e r  w i r e  t o  t h e  weld a t  a c l o s e l y  c o n t r o l l e d  speed and l o c a t i o n .  The w i r e  i s  

f e d  from a spoo l  by motor- dr iven  f e e d  r o l l s  whose speed can  b e  r e g u l a t e d  a c c u r a t e l y  

over  a wide range.  An a d j u s t a b l e  metal gu ide  t u b e  d i r e c t s  t h e  w i r e  i n t o  t h e  weld 

puddle  a t  t h e  c o r r e c t  a n g l e  and d i r e c t i o n .  The gu ide  t u b e  u s u a l l y  i s  a t t a c h e d  t o  

t h e  welding t o r c h  so t h a t  t h e  c o r r e c t  a l ignment  between t h e  e l e c t r o d e  and the f i l l e r  
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TABLE X. RECOMMENDED CURRENT RANGES FOR TUNGSTEN AND 
THORIATED TUNGSTEN ELECTRODES (REF. 29) 

(a) C u r r e n t  RanPe, amperes 
Direct C u r r e n t  A l t e r n a t i n g  C u r r e n t ,  A l t e r n a t i n g  C u r r e n t ,  
S t r a i g h t  P o l a r i t y ,  Unb a 1 anc  ed Wave Balanced Wave 

;lec t r o d e  Both Pu re  Power Supply Pcwer Supply  
Iiameter, Tungs ten  and P u r e  T h o r i a t e d  Pur  e T h o r i a  tec 

inch T h o r i a t e d  Tungsten Tunm t e n  T u n s  t e n  Tunps t e n  Tunps t e n  

0,040 15-80 10-60 15-80 20-30 20-60 

1/16 70-150 50-100 70-150 30-80 50-120 

150-250 100-160 140-235 60-130 100- 180 3/32 

1/8 250-400 150-210 225-325 100-180 160-250 

(a) These c u r r e n t  values are f o r  a r g o n  s h i e l d i n g  gas. 
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w i r e  c an  b e  main ta ined .  I n  manual weld ing ,  a f o o t  c o n t r o l  u s u a l l y  i s  used t o  

r e g u l a t e  t h e  weld ing  c u r r e n t .  The o p e r a t o r  can  s t a r t  t h e  weld a t  a low c u r r e n t  - 

and t h e n  b u i l d  up the c u r r e n t  t o  t h e  d e s i r e d  l e v e l  d u r i n g  weld ing  by o p e r a t i n g  

t h e  f o o t  c o n t r o l .  A t  t h e  end of t h e  weld, t h e  c u r r e n t  can  b e  lowered t o  e l i m i n a t e  

a crater which may o t h e r w i s e  form. 

i n  w i t h  a weld a l r e a d y  made. 

Also ,  t h e  c u r r e n t  can  be reduced when t y i n g  

Argon o r  he l ium o r  a mix tu re  of t h e  two g a s e s  a r e  used t o  p r o t e c t  t h e  end 

of t h e  e l e c t r o d e ,  t h e  a r c ,  and t h e  mol ten  weld puddle  from t h e  atmosphere d u r i n g  

welding.  

Argon i s  used f o r  manual GTA weld ing  of s t a i n l e s s  s teel  f o r  s e v e r a l  r ea sons .  

I n  a rgon,  t h e  a r c  i s  smooth and easy  t o  s t a r t  and c o n t r o l .  Compared w i t h  hel ium, 

t h e  arc i n  a rgon i s  c o o l e r  whickmeans  t h a t  t h e  weld puddle w i l l  be smaller and t h e  

weld ing  o p e r a t o r  w i l l  have b e t t e r  c o n t r o l  over  p e n e t r a t i o n .  Argon i s  more econo- 

mica l  t o  u se  t h a n  he l ium,  because  i t  i s  cheaper  and because  lower f l ow rates are  

used w i t h  argon.  S i n c e  a rgon i s  h e a v i e r  t han  a i r ,  w h i l e  he l ium i s l i g h t e r  t h a n  

a i r ,  t h e  a rgon b l a n k e t s  the weld area b e t t e r  t h a n  hel ium. For he l ium t o  s h i e l d  as 

w e l l  as argon,  t h e  f low ra te  m u s t  b e  two t o  t h r e e  times t h a t  of a rgon.  Argon 

a l s o  p rov ides  b e t t e r  s h i e l d i n g  i f  t h e r e  are any d r a f t s  o r  b reezes  t h a t  might 

d i s t u r b  the gas  s h i e l d .  

Helium u s u a l l y  i s  used f o r  au toma t i c  weld ing  because ,  f i r s t ,  t h e  a r c  i s  

h o t t e r ,  and second,  t h e  arc l e n g t h  can  be c o n t r o l l e d  more a c c u r a t e l y  t h a n  w i t h  

argon.  The h i g h e r  h e a t  of he l ium- sh ie lded  arc pe rmi t s  h i g h  t r a v e l  speeds  t o  b e  

used.  The t r a v e l  speed can be  i n c r e a s e d  as much a s  40 pe rcen t  by us ing  he l ium 

i n s t e a d  of  argon.  Automatic GTA weld ing  i s  f r e q u e n t l y  used i n  h i g h  p roduc t ion  

a p p l i c a t i o n s ,  when h igh  t r a v e l  speeds  are impor t an t .  Occas iona l ly  he l ium may b e  

used f o r  manual GTA welding ve ry  t h i c k  p a r t s  where a g r e a t  many pas ses  are re- 

qu i r ed  t o  f i l l  t h e  weld j o i n t .  By u s i n g  he l ium i n s t e a d  of a rgon ,  h e a v i e r  pas ses  

can  b e  made and t h e  j o i n t  can  be  completed qu icke r .  I n  au toma t i c  weld ing ,  t h e  

a r c  l e n g t h  i s  c o n t r o l l e d  through measurement of changes i n  arc v o l t a g e .  These 
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changes can  b e  measured more easYly when t h e  arc i s  s h i e l d e d  w i t h  hel ium. Thus, 

t h e  arc l e n g t h  can  b e  c o n t r o l l e d  more a c c u r a t e l y  i n  he l ium t h a n  i n  a rgon.  

A mix tu re  of a rgon and he l ium i s  sometimes used i n  au toma t i c  GTA welding .  

The mixture  is  u s u a l l y  used t o  o b t a i n  a n  a r c  t h a t  i s  less p k n e t i a t i n g  t h a n  t h e  

arc ob ta ined  w i t h  pure  hel ium. A mix tu re  of aygon and he l ium might be  used 

when welding v e r y  t h i n  s t a i n l e s s  steel t o  p reven t  burn through.  The arc w i l l  

become c o o l e r  as t h e  amount of a rgon  i s  i n c r e a s e d .  Usua l ly ,  mixtures  are 

25 argon-75 he l ium,  o r  50 argon-50 hel ium. These, as well as o t h e r  mixtdres  of  

a rgon  and he l ium can  b e  o b t a i n e d  a l r e a d y  mixed i n  t a n k s  from gas  s u p p l i e r s .  S p e c i a l  

v a l v e s  and c o n t r o l l e r s  are a l s o  a v a i l a b l e  t h a t  a l l ow t h e  user t o  mix t h e  gades i n  

any r a t i o  d e s i r e d  from t a n k s  of pure  a rgon  and hel ium. 

The a d d i t i o n  of a small amount of hydrogen t o  a rgod  w i l l  produce a h o t t e r  

a r c  t han  pure  argon.  The hydrogen a l s o  r educes  u n d e r c u t t i n g  a t  t h e  edges of t h e  

weld bead and h e l p s  p reven t  p o r o s i t y  i n  t h e  weld metal. The! amount of hydkogen 

t h a t  i s  added may b e  a s  h i g h  a s  35 p e r c e n t .  Mixtures  of  15 hydkogeh-85 a rbon  

and 35 hydrogen-65 argon are a v a i l a b l e  kommereial ly,  Republ ic  Steel  Corpora t ion  f a b r i -  
c a t e s  s t a i n l e s s  s t e e l  tub ing  by au toma t i c  GTA welding  u s i n g  14 hydrogen435 argdrk (Ref.  
91) .  F i l l e r  w i r e  i s  used i n  GTA welding  t o  f i l l  up a j o i n t  t h a t  h a s  a V-  o r  U- 

shape  o r  a j o i d t  t h a t  h a s  poor f i t u p .  F i l l e r  w i r e  shou ld  b e  used when making 

b u t t  welds i n  1 /16- inch  o r  t h i c k e r  m a t e r i a l  so  t h & t  t h e  weld w i l l  have a good 

bead r e in fo rcemen t .  F i l l e r  w i r e  a l s o  should  be  used when making f i l l e r  welds.  

Lap and c o r n e r  welds r e q u i r e  f i l l e r  w i r e  when t h e  b a s e  material i s  over  aboht  

118 inch  t h i c k .  

The d iame te r  of  t h e  f i l l e r  wire t h a t  i s  used w i l l  depend upon t h e  t h i c k n e s s  

of the material t o  b e  welded and t h e  c u r r e n t  s e t t i n g s .  F i l l e t  G i t e  t h a t  i s  k00 

l a r g e  w i l l  t a k e  t o o  much of t h e  weld ing  h e a t  t o  melt i t  and the  w e l d  mag h c k  

p e n e t r a t i o n .  I f  t h e  f i l l e r  w i r e  i s  t o 6  small, t h e  welder  may have d i f f i c u l t i y  

f e e d i n g  i t  i n t o  t h e  weld pool  f a s t  enough t o  b u i l d  up t h e  weld bekid p r o p & t l g ,  
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Proper  g u i d i n g  of  t h e  f i l l e r  w i r e  i n t o  t h e  weld puddle a l s o  i s  impor tan t .  Weld- 

metal p o r o s i t y  has been caused by e r r a t i c  g u i d i n g  o f  t h e  wire (Ref. 30).  Th i s  

p o r o s i t y  w a s  e l i m i n a t e d  by always g u i d i n g  t h e  w i r e  i n t o  t h e  puddle  on t h e  j o i n t  

c e n t e r l i n e  and a t  t h e  puddle l e a d i n g  edge.  

Types of  Weld J o i n t s .  

GTA welding of  v a r i o u s  , t h i c k n e s s e s  

shown i n  F i g u r e  11. Lap j o i n t s  do 

t h e  p i e c e s  must b e  t i g h t l y  clamped 

j o i n t s  i n  s t a i n l e s s  s teel  118 i n c h  

F i g u r e  10 shows recommended b u t t  j o i n t s  f o r  

o f  s t a i n l e s s  steel.  F i l l e t  weld j o i n t s  are 

n o t  need any s p e c i a l  p r e p a r a t i o n  excep t  t h a t  

t o g e t h e r .  No f i l l e r  w i r e  i s  needed f o r  l a p  

t h i c k  o r  less. Corner j o i n t s  c a n  b e  made i n  

s t a i n l e s s  s t ee l  less than  abou t  3/16 i n c h  t h i c k  w i t h o u t  j o i n t  p r e p a r a t i o n .  S t a i n -  

less s tee l  114 i n c h  o r  t h i c k e r  shou ld  b e b e v e l e d  as shown i n  F i g u r e  12  f o r  a c o r n e r  

j o i n t .  

S p e c i a l  t echn iques  are  r e q u i r e d  f o r  making c i r c u m f e r e n t i a l  welds i n  p i p e  

o r  t u b i n g .  S i n c e  t h e s e  welds can b e  made from one s i d e  o n l y ,  any d e f e c t s  i n  the 

u n d e r s i d e  of t h e  weld cannot  be r e p a i r e d .  The u n d e r s i d e  of t h e  weld a l s o  must 

have a smooth c o n t o u r  w i t h  a minimum amount of r e in fo rcement  so  t h a t  f low through 

t h e  p i p e  w i l l  n o t  be  d i s t u r b e d .  One t e c h n i q u e  f o r  welding c i r c u m f e r e n t i a l  j o i n t s  

i n  s t a i n l e s s  s tee l  p i p e  i n c o r p o r a t e s  t h e  u s e  of  i n s e r t  r i n g s .  

Consumable i n s e r t  r i n g s  are r i n g s  of  s t a i n l e s s  s teel  t h a t  are p laced  i n  t h e  

j o i n t  r o o t  when t h e  two p i e c e s  of p i p e  are f i t t e d  t o g e t h e r .  They are  GTA t a c k  

welded t o  h o l d  them i n  p roper  a l ignment .  Two t y p e s  o f  i n s e r t  r i n g s  are shown i n  

p l a c e  i n  F i g u r e  13. Recommended j o i n t  d imensions  a l s o  are given.  The r o o t  pass  

i s  made from t h e  t o p s i d e  of t h e  j o i n t  i n  t h e  normal manner by GTA welding e x c e p t  

t h a t  no f i l l e r  w i r e  i s  added. A s  t h e  i n s e r t  m e l t s ,  t h e  s u r f a c e  t e n s i o n  of  t h e  

molten metal forms t h e  u n d e r s i d e  of  t h e  bead i n t o  t h e  d e s i r e d  con tour .  A f t e r  t h e  

r o o t  pass  i s  made with the consumable- inse r t  r i n g ,  the j o i n t  may be  completed by 

GTA, GMA, o r  s h i e l d e d  metal-arc welding.  Consumable inser t  r i n g s  are a v a i l a b l e  com- 

m e r c i a l l y  f o r  most of  t h e  a u s t e n i t i c  s t a i n l e s s  s teels .  The u n d e r s i d e  of t h e  

i n s e r t  r i n g  must b e  p r o t e c t e d  from the atmosphere d u r i n g  welding by purging the 
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Material Thickness, in. 

IF0 to 0.17 -- 
0.002 to 0.020 
(automatic welding only) 

0.020 to  0.125 

60°-700 

w 
L3/16" min 

Over  0.375 

FIGURE 10. TYPICAL BUTT JOINTS FOR GTA WELDING STAINLESS STEEL (REF.31) 
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J L ,  , , 

Material Thickness, inches 

Up to 3/16 

Over 3/16" 

Over 1/2" 

FIGURE 11. TYPICAL F I L L E T  JOINTS FOR GTA WELDING STAINLESS STEEL ( R E F . 3 1 )  
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- -  

FIGURE 12.  CORNER J O I N T  FOR GTA WELDING STAINLESS STEEL OVER 1 / 4 - I N C H  
THICK (REF.  3 1) 
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40° t 

Wall thickness 1/4" and under Wall thickness over 1/4" 

Note: Offsetting of the ring 
compensates for sagging 
of the molten weld 
puddle 

FIGURE 13. TWO TYPES O F  CONSUMABLE-INSERT RING FOR FIXED- POSITION WELDING 
O F  P I P E  J O I N T S  (REF. 11, 32) 
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i n s i d e  of t h e  p i p e  w i t h  a rgon  b e f o r e  weld ing  (Ref. 3 2 ) .  Welding c u r r e n t  should  

be  between 75 and 100 amperes w i t h  t h e  optimum ra te  o f  t r ave l  between 2 and 3 

- i n c h e s  p e r  minute. The weld ing  c u r r e n t  and travel speed  c o n t r o l  t h e  amount o f  

r e in fo rcemen t  on t h e  u n d e r s i d e  of t h e  weld. Low c u r r e n t s  o r  h i g h  t ravel  speeds  

mean more r e in fo rcemen t .  A f l a t t e r  u n d e r s i d e  r e s u l t s  w i t h  

speeds .  D e t a i l e d  i n s t r u c t i o n s  on t h e  u s e  of t h e s e  i n s e r t s  

t h e  s u p p l i e r .  

h i g h  c u r r e n t  o r  lower 

are a v a i l a b l e  from 

The weld j o i n t  a l s o  can  b e  made w i t h  a n  i n t e g r a l  l i p  t h a t  a c t s  i n  t h e  same 

manner as a consumable i n s e r t  r i n g .  Such a j o i n t  i s  shown i n  F i g u r e  14. These 

j o i n t s  are expens ive  t o  machine, however, and require v e r y  c a r e f u l  f i t u p .  

Welding Procedures .  The GTA weld ing  o f  s t a i n l e s s  steels r e q u i r e s  no 

unusual  weld ing  p rocedures .  However, c l o s e  c o n t r o l  of t h e  welding o p e r a t i o n  i s  

r e q u i r e d  t o  a c h i e v e  optimum q u a l i t y  welds.  

Typ ica l  c o n d i t i o n s  f o r  GTA weld ing  of s t a i n l e s s  steels are g i v e n  i n  T a b l e  X I .  

These c o n d i t i o n s  are o n l y  a gu ide  as t h e  optimum combina t ion  of  c o n d i t i o n s  w i l l  

v a r y  depending on whether  weld ing  i s  manual o r  au toma t i c ,  t h e  t y p e  of weld t o o l i n g  

used ,  o p e r a t o r  p r e f e r e n c e ,  e tc .  

P r o t e c t i o n  o f  t h e  u n d e r s i d e  of t h e  weld j o i n t  a lways i s  neces sa ry  t o  p reven t  

o x i d a t i o n  of t h e  backs ide  of t h e  weld and t o  i n s u r e  smooth con tou r  of t h e  weld 

metal on t h e  backs ide  of t h e  j o i n t .  The most common way of  p r o t e c t i n g  t h e  

backs ide  of  t h e  weld j o i n t  i s  t o  u s e  a grooved copper  b a r .  The p i e c e s  be ing  

welded are h e l d  t i g h t l y  a g a i n s t  t h e  b a r  w i t h  clamps. By drawing h e a t  away from 

t h e  weld zone,  t h e  copper  backup b a r  p r e v e n t s  burn through t o  t h e  j o i n t .  I f  t o o  

much metal should  b e  mel ted ,  t h e  backup b a r  w i l l  suppor t  t h e  molten metal and 

p reven t  i t  from d r i p p i n g  through the j o i n t .  I f  t h e  backup b a r  i s  n o t  used ,  t h e  

unde r s ide  of t h e  weld bead would b e  open t o  t h e  atmosphere and cou ld  p i c k  up 

contaminants  from t h e  a i r .  For  weld ing  l i g h t  gage s t a i n l e s s  s teel ,  b e t t e r  p r o t e c -  
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FIGURE 14. J O I N T  WITH FORMED ROOT USED I N  WELDING STAINLESS 
STEEL P I P E  (REF.  LO) 
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TABLE X I .  CONDITIONS FOR GTA WELDING OF 
STAINLESS STEEL (REF. 31) 

Thick- Type 

inch  J o i n t  

1/16 Bu t t  

Corner 
F i l l e t  

ness  , of  

--- 

Lap 

3/32 But t  

Corner 
F i l l e t  

Lap 

1/ 8 But t  
Lap 

Corner 
F i l l e t  

3/16 But t  
Lap 

Corner 
F i l l e t  

114 B u t t  

Corner 
F i l l e t  

Lap 

112  ' But t  
Lapp 

Corner 

Welding Current" ) amps 

F l a t  V e r t i c a l  ( 2 )  Overhead 

80-100 70-90 70-90 
100-120 80-100 80-100 

80-100 70-90 70-90 
90-110 80-100 80-100 

------ 
--- -- 

E 1 ec  t r  ode 
D iame t e r , 

inch  --- 
1/16 
1 /16  
1/16 
1/16 

100-120 90-110 90-110 1/ 16 
110-130 100-120 100-120 1/16 
100-120 90-110 90-110 1/16 
1.10-130 100-120 100-120 1/16 

120-140 110-130 105-125 1/16 
130-150 120-140 120-140 1/16 
120-140 110-130 115-135 1/16 
130-150 115-135 120-140 1/16 

200-250 150-200 150-200 3/32 
225-275 175-225 175-225 3132,118 
200-250 150-200 150-200 3/32 
225-275 175-225 175-225 3132,118 

275-350 200-250 200-250 118 
300-375 225-275 225-275 118 
275-350 200-250 200-250 118 
300-375 225-275 - 225-275 118 

350-450 225-275 225-275 118,3116 
375-475 230-280 230-280 118,3116 
375-475 320-280 230-280 1 /8 ,3 /16  

F i l l e r  
Welding Wire Argon 

Speed, Diameter , Flow, 
i p m  inch  c f h  --- -- - 

1 2  1/16 11 
10 1/ 16 11 
1 2  1/16 11 
10 1/16 11 

12 1/16-3132 11 
10 1/16-3132 11 
1 2  1116-3/32 11 
10 1/16-3132 11 

12 3/32 11 
10 3/32 11 
1 2  3/32 11 
10 3/32 11 

10 1/ 8 13 
8 118 13 

10 1/ 8 13 
8 1/ 8 13 

-- 3/16 13 
-- 3/16 13 
-- 3/16 ' 13 
-- 3/16 13 

-- 114 15 
-- 114 15 
-- 114 15 

(1)  D i r e c t  Cur ren t ,  S t r a i g h t  P o l a r i t y  

(2) Upward D i r e c t i o n  of Welding 
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t i o n  is o b t a i n e d  by r educ ing  t h e  s i z e  of  t h e  groove i n  t h e  copper  backup b a r .  

For  g e n e r a l  weld ing  of  t h e s e  t h i c k n e s s e s  of  material t h e  groove should  b e  

about  3/32 i n c h  wide and about  0.15 i n c h  deep ,  

Fo r  c r i t i c a l  a p p l i c a t i o n s ,  t h e  dimensions of  t h e  groove  i n  t h e  copper  backup . 

b a r  a r e  impor t an t .  

w id th  of  t h e  groove. Th i s ,  i n  t u r n ,  affects  t h e  w i d t h  of  t h e  f u s i o n  and h e a t -  

a f f e c t e d  zones o f  t h e  weld j o i n t .  Ling-Temco-Vought h a s  s p e c i f i e d  t h e  w id th  o f  

t h e  groove f o r  v a r i o u s  t h i c k n e s s e s  of  Type 321 s t a i n l e s s  s tee l  s h e e t  so t h a t  

uniform weld j o i n t  w id ths  w i l l  b e  o b t a i n e d  (Ref. 3 0 ) .  These dimensions are  g i v e n  

i n  Tab le  X I 1  . 

The c h i l l i n g  e f f e c t  o f  t h e  backup b a r  v a r i e s  i n v e r s e l y  w i t h  t h e  

Cool ing  of  t h e  weld j o i n t  a l s o  i s  a f f e c t e d  by t h e  spac ing  o f  t h e  hold-down 

clamps. Ling-Temco-Vought h a s  s p e c i f i e d  t h i s  spac ing  a l s o  and t h e s e  dimensions 

are inc luded  i n  Table  XVII.The hold-down b a r s  were made o f  copper  and were con- 

t inuous  f o r  m a t e r i a l  t h i n n e r  t h a n  0.060 i n c h .  Segmented b a r s  we’re used on 

t h i c k e r  m a t e r i a l  w i t h  t h e  spac ing  between segments b e i n g  less t h a n  0.010 inch .  

Grooved copper  backup b a r s  p e r m i t  o n l y  t h e  a i r  con ta ined  i n  t h e  groove i t s e l f  

t o  c o n t a c t  t h e  unde r s ide  of t h e  j o i n t .  S h i e l d i n g  of t h e  u n d e r s i d e  of t h e  weld can  

b e  improved f u r t h e r  by u s i n g  a g a s - s h i e l d i n g  backup b a r .  Such a backup b a r  h a s  

p r o v i s i o n  f o r  f lowing  a rgon  o r  he l ium i n t o  t h e  backup b a r  groove and t h u s ,  

on ly  an  i n e r t  gas  comes i n  c o n t a c t  w i t h  t h e  unde r s ide  of  t h e  bead. A t y p i c a l  

g a s - s h i e l d i n g  backup i s  shown i n  F i g u r e  15. 

Before  making c i r c u m f e r e n t i a l  welds i n  p i p e  o r  t ub ing ,  t h e  i n t e r i o r  of  t h e  p i p e  

o r  t ub ing  should  be purged w i t h  a rgon,  he l ium,  o r  n i t r o g e n .  A s  a g e n e r a l  r u l e ,  

adequate  purg ing  r e q u i r e s  p a s s i n g  through t h e  sys tem a volume o f  g a s  equa l  t o  

about  s i x  times t h e  volume of  t h e  system. Purging times f o r  v a r i o u s  d i ame te r s  

o f  s t a i n l e s s  s teel  p i p e  are g iven  i n  T a b l e  X I I I .  To conse rve  g a s  when welding 
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TABLE X I I .  DIMENSIONS FOR TOOLING FOR GTA WELDING 
OF TYPE 321 SHEET (REF. 33) 

S h e e t  Backup Bar Backup Bar 
Th ickness ,  Groove Width, Groove Depth, 

i n c h  i n c h  inch  --- - 
0.020 0.050 0.020 

0.040 0.090 0.025 

0.060 0.120 0 035 

0.080 0.150 0.040 

0.100 0.165 0.050 

0.120 0.185 0.055 

Ho I d  -down 
Clamp Spacing,  

i n c h  

0,11 

0.14 

0.14 

0.23 

0.275 

0.32 
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FIGURE 15. TYPICAL BACKUP BAR WITH GAS BACKING 



TABLE X I I I .  PURGING TIMES FOR PIPING SYSTEMS 
(6 volumes d isp lacement  based on gas  f l o w  of 

20 c fh )  

I n s i d e  D i a m e t e r  
of P i p e ,  

i nch  

112 

1 

2 

3 

4 

5 

6 

8 

10 

1 2  

T i m e  of Purge per  
Foot of System 

Length - 

2 sec 

8 sec 

24 sec 

55 sec 

1 min 30 s e c  

2 min 30 s e c  

3 min 35 s e c  

6 min 0 sec 

10 min 0 see 

13  m i n  30 sec 
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l a rge- d iame te r  p ipe ,  a c o l l a p s i b l e  copper  backup b a r  w i t h  a groove f o r  gas  passage  

can  b e  clamped t o  t h e  i n s i d e  of t h e  j o i n t .  A f t e r  purg ing  i s  completed and weld ing  

i s  begun, t h e  backing  gas  should  c o n t i n u e  t o  f l ow b u t  a t  a reduced rate. 

f low of 2 t o  5 c f h  u s u a l l y  i s  adequate .  I f  t h e  p r e s s u r e  i s  t o o  h i g h ,  t h e  under-  - 

A gas  

s i d e  o f  t h e  w e l d  j o i n t  w i l l  have a concave shape  o r  molten weld metal may b e  blown 

o u t  of t h e  j o i n t .  

For  b e s t  r e s u l t s ,  t h e  a r c  shou ld  b e  s t a r t e d  on a b lock  of  s t a i n l e s s  s teel  o r  

copper .  Carbon s t a r t i n g  b locks  shou ld  never  b e  used.  The u s e  of a s t a r t i n g  t a b  

p e r m i t s  t h e  a r c  t o  become s t e a d y  b e f o r e  weld ing  o f  t h e  j o i n t  i s  begun and a l lows  

t h e  o p e r a t o r  t o  obse rve  and c o r r e c t  any i r r e g u l a r i t i e s  i n  t h e  a rc ' s  behav io r .  

p o s s i b l e ,  t h e  arc should  be  i n i t i a t e d  by h igh- frequency  s t a r t i n g  r a t h e r  t h a n  touch  

s t a r t i n g  t o  avoid  e l e c t r o d e  contaminat ion .  I f  a s t a r t i n g  b lock  cannot  be used and 

t h e  a r c  must be  s t r u c k  i n t h e  weld j o i n t ,  i t  shou ld  b e  s t a r t e d  a s h o r t  d i s t a n c e  from 

t h e  end of  t h e  j o i n t  and welded t o  t h e  end of  t h e  j o i n t .  Then s t a r t  t h e  main weld 

a t  t h e  s p o t  t h a t  t h e  s h o r t  weld w a s  s t a r t e d  and proceed a long  t h e  j o i n t .  I f  t h e  

weld i s  s t a r t e d  a t  t h e  end of  t h e  j o i n t ,  a c r a c k  may form. The u s e  of the s h o r t  

weld p r e v e n t s  t h i s .  The weld shou ld  end on a runof f  t a b  so  t h a t  t h e  crater w i l l  

n o t  b e  formed i n  t h e  weld j o i n t .  I f  i t  i s  imposs ib l e  t o  end t h e  weld o u t s i d e  

of t h e  j o i n t  ( a s  i n  a c i r c u m f e r e n t i a l  p i p e  weld) ,  t h e  crater should  be  f i l l e d  i n  

b e f o r e  b reak ing  t h e  a r c .  I f  t h e  c r a t e r  i s  l e f t  u n f i l l e d ,  a s m a l l  h o l e  o r  inden-  

t a t i o n  w i l l  be  l e f t  i n  t h e  c e n t e r  of  t h e  c r a t e r .  Th i s  i s  a character is t ic  o f  

GTA welds .  The u n f i l l e d  c r a t e r  a l s o  can  a c t  as a s o u r c e  of  c r a c k s  o r  c o r r o s i o n .  

A f o o t  c o n t r o l  c a n  be  used t o  r educe  t h e  weld ing  c u r r e n t  t o  minimize t h e  s i z e  o f  

t h e  crater.  

If 

Precau t ions .  During the c o u r s e  o f  making t h e  weld,  several d i f -  

f i c u l t i e s  may b e  encountered .  The more common of t h e s e  i n c l u d e  arc wander,  t u n g s t e n  

p ickup,  d i s r u p t i o n  o f  t h e  gas  s h i e l d i n g ,  and l a c k  o f  p e n e t r a t i o n .  
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A r c  wander i s  t h e  name g i v e n  when t h e  arc moves from one  s i d e  o f  t h e  j o i n t  

t o  t h e  o t h e r  i n s t e a d  of  p l a y i n g  on i t s  c e n t e r l i n e .  A r c  wander i n  GTA weld ing  of 

' s t a i n l e s s  s t ee l  can  be  caused by a contaminated  e l e c t r o d e ,  a b l u n t  e l e c t r o d e ,  a 

magnet ic  f i e l d ,  o r  a i r  d r a f t s .  A r c  wander due t o  a contaminated  o r  b l u n t  elec- 

t r o d e  u s u a l l y  i s  a r a p i d  movement of  t h e  arc from one s i d e  of  t h e  j o i n t  t o  t h e  

o t h e r .  I f  t h e  arc moves back and f o r t h  s lowly  o r  s t a y s  on one s i d e  of t h e  

j o i n t ,  magnet ic  f i e l d s  o r  a i r  d r a f t s  are probably  t h e  cause .  A r c  movement 

caused by a magnet ic  f i e l d  u s u a l l y  c a n  b e  s o l v e d ,  o r  a t  least  minimized, by  

changing t h e  p o s i t i o n  of  t h e  ground c a b l e  a t tachment .  Sometimes s tee l  jaws of 

hold-down clamps become a a g n e t i z e d  and a l s o  can  d i s r u p t  t h e  a r c .  

B i t s  of t u n g s t e n  can  b e  p icked  up i n  t h e  weld metal i f  t h e  arc i s  s t r u c k  

on t h e  workpiece o r  i f  t h e  weld ing  c u r r e n t  i s  t o o  h igh .  S t a r t i n g  t h e  arc by 

touching  t h e  e l e c t r o d e  t o  t h e  workpiece can  cause  t h e  t i p  of t h e  e l e c t r o d e  t o  

weld i t s e l f  t o  t h e  work j u s t  as t h e  two touch .  A s  t h e  e l e c t r o d e  i s  withdrawn t o  

s tart  t h e  arc,  a b i t  of  e l e c t r o d e  w i l l  b r e a k  o f f  and remain i n  t h e  j o i n t .  Th i s  

can b e  p reven ted  by u s i n g  t h e  h igh- f requency  s t a r t i n g  o r  by s t a r t i n g  t h e  arc on 

a s t a r t i n g  t a b .  

I f  t h e  i n e r t  gas  s h i e l d  is  no t  per forming p r o p e r l y ,  a i r  w i l l  come i n  c o n t a c t  

w i t h  t h e  molten weld metal and h o t  base  p l a t e  and c a u s e  contaminat ion .  The g a s  

s h i e l d  can  b reak  down f o r  several r e a s o n s :  (1) t h e  f low o f  s h i e l d i n g  g a s  i s  t o o  

low and t h e  weld metal i s  n o t  comple t e ly  p r o t e c t e d ,  (2)  t h e  f l ow of s h i e l d i n g  g a s  

i s  t o o  h i g h  and t u r b u l e n c e  i s  c r e a t e d  which sucks  a i r  i n t o  t h e  s h i e l d i n g  g a s ,  

( 3 )  d r a f t s  can  blow t h e  s h i e l d i n g  gas  away, ( 4 )  t h e  gas- supply  hose  f i t t i n g s  o r  

gas  passages  i n  t h e  t o r c h  are b locked  o r  l o o s e .  E x t r a  care must b e  e x e r c i s e d  when 

GTA weld ing  o u t s i d e  c o r n e r  j o i n t s .  The c o n f i g u r a t i o n  of t h e  p a r t s  a c t s  as a wedge 

t o  d e f l e c t  t h e  f low of  s h i e l d i n g  gas  away from t h e  weld puddle.  Good s h i e l d i n g  can  

b e  o b t a i n e d  by i n c r e a s i n g  t h e  gas  f low,  u s i n g  a l a r g e r  gas  cup on t h e  t o r c h ,  and 

withdrawing the t u n g s t e n  e l e c t r o d e  i n t o  t h e  t o r c h  s l i g h t l y .  Welding i n  t h e  

v e r t i c a l - u p  d i r e c t i o n  improves t h e  gas  s h i e l d i n g  somewhat a l s o .  
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A weld j o i n t  t h a t  shows l a c k  of  p e n e t r a t i o n  i s  n o t  g e t t i n g  eough welding h e a t .  

Th i s  u s u a l l y  means that  the c u r r e n t  i s  t o o  low o r  t h e  travel speed i s  t o o  h igh .  I 

I n  GTA welding t h i s  can a l s o  mean t h a t  the d iamete r  of  t h e  f i l l e r  w i r e  i s  t o o  

b i g  o r  t h a t  the  f i l l e r  w i r e  i s  b e i n g  dipped i n t o  t h e  weld puddle  t o o  f r e q u e n t l y .  . 

Too much of  t h e  welding heat t h e n  i s  b e i n g  t a k e n  t o  m e l t  t h e  f i l l e r  w i r e .  

p roper  p e n e t r a t i o n ,  t h e  welding c u r r e n t ,  t r a v e l  speed,  f i l l e r  w i r e  s i z e ,  and 

To g e t  

f i l l e r  wire f e e d i n g  rate  must b e  c a r e f u l l y  ba lanced .  

A p p l i c a t i o n s .  North American A v i a t i o n ,  I n c . ,  h a s  developed specia l  

equipment and procedures  f o r  automticGTA welding of s t a i n l e s s  s tee l  t u b i n g  i n  t h e  

s i z e  range  of 114 inch  t o  12 i n c h  d i a m e t e r  by 0.005 t o  0.125- inch w a l l  t h i c k n e s s  

(Ref.  3 4 ) .  Two t y p e s  of welding equipment were des igned f o r  welding t h e  t u b i n g  

e x t e r n a l l y  o r  i n t e r n a l l y .  

The e x t e r n a l  we ld ing  t o o l  i s  shown i n  F i g u r e s  16 and 17.  This t o o l  i s  of 

a s p l i t  d e s i g n  so t h a t  i t  can  b e  i n s t a l l e d  o v e r  t h e  j u n c t u r e  of the two p i e c e s  of 

t u b i n g  b e i n g  j o i n e d .  A union  i s  p laced  o v e r  t h e  j u n c t u r e  p r i o r  t o  p o s i t i o n i n g  of 

the t o o l .  J o i n i n g  i s  a f f e c t e d  by mel t- through welding of t h e  union t o  t h e  two 

p i e c e s  o f  t u b i n g .  The welding t o o l  c o n s i s t s  of  two b a s i c  p a r t s ,  a h o l d i n g  f i x t u r e  

and a r o t o r .  The h o l d i n g  f i x t u r e  a l i g n s  t h e  t u b e s ,  c e n t e r s  t h e  union over  t h e  

j o i n t ,  and h o l d s  the p a r t s  d u r i n g  t h e  welding o p e r a t i o n .  The r o t o r  c o n t a i n s  two 

t u n g s t e n  e l e c t r o d e s .  During welding,  the r o t o r  r o t a t e s  around t h e  j o i n t  moving 

t h e  e l e c t r o d e s  around the c i rcumference  of  t h e  un ion .  The r o t o r  i s  g e a r  d r i v e n  

through a f l e x i b l e ,  motor- dr iven s h a f t .  

The i n t e r n a l  welding t o o l  ( F i g u r e  1 8 )  i s  used t o  a u t o m a t i c a l l y  weld a bu lk-  

head feed th rough  t u b e  t o  a bulkhead f i t t i n g .  The t u n g s t e n  e l e c t r o d e  i s  mounted 

on t h e  end of a probe.  The probe i s  i n s e r t e d  i n t o  t h e  t u b i n g  s o  t h a t  t h e  t u n g s t e n  

e l e c t r o d e  i s  p o s i t i o n e d  over  t h e  j o i n t .  A ceramic s p a c e r  a t  the end of  the p robe  
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FIGURE 16. DIAGRAM O F  EXTERNAL WELDING TOOL FOR GTA WELDING 
STAINLESS STEEL TUBING (REF.34)  
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FIGURE 17. PHOTOGRAPH OF EXTERNAL WELDING TOOL FOR GTA WELDING 
STAINLESS STEEL TUBING ( R E F . 3 4 )  
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FIGURE 18. INTERNAL WELDING TOOL FOR GTA WELDING STAINLESS 
STEEL TUBING (REF.34)  
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gu ides  and c e n t e r s  t h e  probe t o  m a i n t a i n  a g i v e n  arc gap between t h e  e l e c t r o d e s  and 

t h e  tube .  During weld ing ,  the prQbe r o t a t e s  moving t h e  e l e c t r o d e  around t h e  

i n s i d e  of  t h e  j o i n t ,  making a b u t t  weld batween t h e  ends of  t h e  tubes .  

C lean l ines s  and p r e c i s e  c a n t r o l  of  f.he we ld i eg  c o n d i t i o n s  are e s s e n t i a l  t o  

the p r o d u c t i o n  of h i g h - q u a l i t y  welds  w i t h  t h e s e  t o o l s .  The s t e p s  i n  making ex- 

t e r n a l  welds are o u t l i n e d  i n  F i g u r e  1 9 ,  The v a r i o u s  weld ing  pa rame te r s  (welding 

c u r r e n t ,  ups lope  t i m e ,  t r a v e l  speed ,  downslope t i m e ,  e t c . )  are c o n t r o l l e d  a u t o-  

m a t i c a l l y .  

Welding d e v i c e s  similar t o  t h e s e  developed by North American A v i a t i o n  now 

are a v a i l a b l e  commercial ly.  

Arc-Spot WeldinP. The g a s  t u n g s t e n- a r c  p roces s  has  been  adapted  t o  make 

f u s i o n  s p o t  welds i n  s t a i n l e s s  s tee l  s h e e t .  The a r c - s p o t  weld i s  l i k e  a r e s i s t a n c e -  

s p o t  weld, excep t  t h a t  t h e  metal which i s  melted ex tends  through t o  t h e  s u r f a c e  

of t h e  t o p  s h e e t  and p e n e t r a t e s  more d e e p l y  i n t o  t h e  bottom s h e e t .  This  i s  because  

t h e  m e l t i n g  a c t u a l l y  s tar ts  at: t h e  s u r f a c e  of  t h e  t o p  s h e e t  where t h e  a r c  s t r i k e s  

and works down i n t o  t h e  bot tom s h e e t .  

A l l  classes of s t a i n l e s s  s tee l  can  b e  GTA a r c - s p o t  welded. The normal t h i c k -  

ness  r ange  f o r  t h e  t o p  s h e e t  t h a t  can  be  welded i s  from 0.020 t o  0.090 i n c h .  

t p p  s h e e t  can  b e  as t h i c k  as 118 i n c h  i f  c a r e f u l  c o n t r o l  of a l l  of t h e  weld ing  

c o n d i t i o n s  i s  main ta ined .  Gene ra l ly ,  t h e r e  is  no t h i c k n e s s  l i m i t a t i o n  on t h e  

bot tom s h e e t .  

t h e  bottom s h e e t  should  b e  no t h i c k e r  t h a n  1 / 2  i nch .  If  e i t h e r  t h e  t o p  o r  bottom 

sheets exceed t h e s e  l i m i t s ,  c o r r e c t  h e a t i n g  t o  i n s u r e  adequa te  p e n e t r a t i o n  cannot  

b e  o b t a i n e d  (Ref. 35) .  

The 

However, i f  t h e  top  s h e e t  i s  i n  t h e  r ange  of  0.090 t o  118 i n c h ,  

Arc- spot  weld ing  i s  most f r e q u e n t l y  a p p l i e d  as a rep lacement  f o r  r e s i s t a n c e -  

s p o t  welding.  It h a s  several advantages  ove r  r e s i s t a n c e - s p o t  welding.  Arc- spot  . 

welding  can  b e  used when t h e r e  is  a c c e s s  t o  on ly  one s i d e  of  t h e  assembly be ing  
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welded. Only enough weld ing  f o r c e  i s  r e q u i r e d  t o  ho ld  t h e  p i e c e s  t o g e t h e r ;  no 

f o r g i n g  p r e s s u r e  i s  r e q u i r e d  as i n  r e s i s t a n c e  weld ing .  

i s  h i g h l y  p o r t a b l e .  

Thin s h e e t  can  b e  welded r e a d i l y  t o  t h i c k  p a r t s .  F i n a l l y ,  a r c - s p o t  weld ing  

Arc- spot  weld ing  equipment 

Large a s sembl i e s  do n o t  have  t o  be  moved f o r  s u c c e s s i v e  welds.  

equipment c o s t s  much less t h a n  does a r e s i s t a n c e - s p o t  welder .  

P r e c i s e  t iming  of the weld ing  o p e r a t i o n  is  r e q u i r e d  t o  c o n t r o l  t h e  amount of 

p e n e t r a t i o n  of t h e  bot tom s h e e t .  

systems t h a t  are used t o  r e g u l a t e  t h e  v a r i o u s  weld ing  c o n d i t i o n s .  I n  GTA s p o t  

welding,  t h e  timer c o n t r o l s  t h e  arc t i m e .  

Timing dev ices  are i n c o r p o r a t e d  i n t o  t h e  c o n t r o l  

A s p e c i a l  t o r c h  i s  used f o r  a r c - s p o t  weld ing .  It i s  made more ruggedly  t h a n  

t h e  t o r c h  f o r  conven t iona l  GTA weld ing  and has  a p i s t o l  g r i p .  This  t y p e  of  con- 

s t r u c t i o n  e n a b l e s  t h e  o p e r a t o r  t o  hold  t h e  t o r c h  t i g h t l y  a g a i n s t  t h e  p a r t  be ing  

welded. S p e c i a l  nozz l e s  are used t h a t h a v e  h o l e s  around t h e  edge t o  p e r m i t  t h e  

s h i e l d i n g  gas  and any gases  o r  fumes gene ra t ed  d u r i n g  weld ing  t o  escape .  S p e c i a l  

nozz l e  c o n f i g u r a t i o n s  a l s o  are a v a i l b l e  f o r  welding i n  t i g h t  c o r n e r s  and f o r  making 

t a c k  welds i n  T or c o r n e r  j o i n t s .  

E i t h e r  a rgon o r  he l ium s h i e l d i n g  g a s e s  o r  a mix tu re  of t h e  two may be  used.  

Helium p rov ides  g r e a t e r  p e n e t r a t i o n  w i t h  a smaller weld- spot  d i ame te r  t h a n  does 

argon.  

and no j o i n t  backing  i s  used.  When t h e  t o p  sheet i s  t h i c k e r  t h a n  1 / 1 6  i n c h  o r  

whenever j o i n t  backing  i s  used ,  he l ium i s  used as t h e  s h i e l d i n g  gas .  Sometimes a 

Argon i s  g e n e r a l l y  used when t h e  top  s h e e t  i s  t h i n n e r  t h a n  1/16 i n c h  

mix tu re  of about  2 p a r t s  o f  he l ium and 1 p a r t  of  a rgon i s  used f o r  a r c- s p o t  

weld ing  s t a i n l e s s  s teel .  

The p i e c e s  b e i n g  a r c - s p o t  welded must be h e l d  t i g h t l y  t o g e t h e r  d u r i n g  t h e  

welding o p e r a t i o n s  t o  o b t a i n  good h e a t  t r a n s f e r  between t h e  p a r t s .  A weld between 

t h e  p a r t s  t h a t  a r e  i n  l o o s e  c o n t a c t  o r  t h a t  may b e  s e p a r a t e d  s l i g h t l y  w i l l  b e  

smaller t h a n  d e s i r e d  i f ,  indeed ,  a weld i s  a c t u a l l y  made. I f  t h e  bottom s h e e t  

i s  t h i n ,  i t  may not  b e  s t i f f  enough t o  p rov ide  t h e  suppor t  neces sa ry  t o  o b t a i n  
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good c o n t a c t .  When t h i s  i s  t h e  c a s e ,  a d d i t i o n a l  s u p p o r t  f o r  t h e  bottom p i e c e  i s  

r-equired.  

I f  a s tee l  backing b a r  i s  used,  t h e r e  i s  danger  of m e l t i n g  through t h e  bottom 

i i e c e  and we ld ing  t o  t h e  backing b a r .  

The impor tan t  welding c o n d i t i o n s  t h a t  must be p r e s e l e c t e d  are  arc l e n g t h ,  

A copper backing b a r  i s  t h e  b e s t  means of s u p p o r t i n g  t h e  back p i e c e .  

welding c u r r e n t ,  and welding t i m e  (Ref. 3 6 ) .  

An i n c r e a s e  i n  t h e  arc l e n g t h  w i l l  i n c r e a s e  t h e  s u r f a c e  d iamete r  of t h e  s p o t  

weld b u t  d e c r e a s e  i t s  p e n e t r a t i o n  i n t o  t h e  bottom s h e e t .  I f  t h e  arc l e n g t h  is  set 

t o o  s h o r t ,  arc s t a r t i n g  may b e  e r ra t ic  and t h e  e l e c t r o d e  may f r e e z e  t o  t h e  weld.  

Excess ive  arc l e n g t h  w i l l  r e s u l t  i n  a weak weld because  t h e  p e n e t r a t i o n  i n t o  t h e  

bottom p a r t  w i l l  be v e r y  sha l low.  

An i n c r e a s e  i n  t h e  welding c u r r e n t  w i l l  i n c r e a s e  t h e  d e p t h  of p e n e t r a t i o n  

i n t o  t h e  bottom p a r t  i f  t h e  p a r t s  are  o f  approx imate ly  t h e  same t h i c k n e s s .  The 

d iamete r  of  t h e  weld a l s o  w i l l  be  i n c r e a s e d  s l i g h t l y .  I f  t h e  bottom p a r t  i s  

c o n s i d e r a b l y  t h i c k e r  than  the t o p  p a r t ,  i n c r e a s i n g  the c u r r e n t  w i l l  i n c r e a s e  the 

weld d i a m e t e r  w i t h  l i t t l e  i n c r e a s e  i n  p e n e t r a t i o n .  

I n c r e a s i n g  t h e  weld t i m e  w i l l  i n c r e a s e  t h e  d iamete r  o f  t h e  weld b u t  w i l l  have 

l i t t l e  e f f e c t  on t h e  d e p t h  of p e n e t r a t i o n .  

Conva i r- As t ronau t i c s  h a s  used GTA s p o t  welding i n  the f a b r i c a t i o n  of t h e  Atlas 

and Centaur  missiles t o  a t t a c h  s t a i n l e s s  steel covers  o v e r  access p o r t s ,  s t r u c -  

t u r a l  members ( f u e l  d u c t s ,  a n g l e s ,  e tc . )  t o  unsuppor ted  s k i n ,  and t o  add p i e c e s  

a f t e r  e n g i n e e r i n g  changes are  made (Ref ,  3 7 ) .  Arc- spot  welds  of r e p r o d u c i b l e  

q u a l i t y  are i n s u r e d  by u s i n g  a v e r y  s t a b l e  power s u p p l y  and e l e c t r o n i c  c o n t r o l  

c i r c u i t s  t o  time t h e w e l d  c y c l e .  Nugget d iamete r  can  b e  c o n t r o l l e d  t o  w i t h i n  3 

p e r c e n t .  

t h e  o u t e r  s k i n  o f  a n  A t l a s .  

F i g u r e  20 shows a r e c t a n g u l a r  d o u b l e r  b e i n g  GTA s p o t  welded o n t o  

GTA s p o t  welding f r e q u e n t l y  i s  used t o  a t t a c h  s t i f f e n e r s  t o  t h i n  s t a i n l e s s  

s teel  s h e e t .  S t i f f e n e r s  are b e i n g  a r c - s p o t  welded t o  a s t a i n l e s s  s tee l  d e s t r o y e r  

s t a c k  i n  F i g u r e  21. 
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FIGURE 20. GTA SPOT WELDING OF STAINLESS STEEL DOUBLER SHEET ON ATLAS 
MISSILE S K I N  
(Courtesy Convair Div i s ion ,  General Dynamics Corporation) 
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FIGURE 21. GTA SPOT WELDING STIFFENERS TO STAINLESS STEEL DESTROYER 
STACK 
(Courtesy Linde Div i s ion ,  Union Carbide Corporat ion)  
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G a s  Metal-Arc Welding. The GMA p roces s  i s  used f o r  weld ing  a l l  t ypes  of  

s t a i n l e s s  s teels ,  from 1132-inch s h e e t  t o  p l a t e  an  i n c h  o r  more t h i c k .  The same 

t echn iques  are used f o r  GMA weld ing  s t a i n l e s s  s tee l  as are used f o r  carbon s teel .  

About t h e  o n l y  d i f f e r e n c e  i s  t h a t  t h e  w i r e  e l e c t r o d e  must be s t a i n l e s s  s teel  i n -  

s t e a d  of  ca rbon  s t ee l .  Some r e s t r i c t i o n s  are p l aced  on t h e  t y p e  of  s h i e l d i n g  gas  

t h a t  i s  used f o r  GMA weld ing  of  s t a i n l e s s  s tee l .  Carbon d i o x i d e  i s  n o t  used f o r  

welding s t a i n l e s s  s teel  w i t h  t h e  same freedom as i t  i s  used f o r  weld ing  carbon 

s tee l  as t h e  c o r r o s i o n  r e s i s t a n c e  of t h e  weld metal would s u f f e r  due t o  carbon 

pickup.  Carbon d i o x i d e ,  when used ,  i s  a n  a d d i t i o n  t o  t h e  i n e r t  s h i e l d i n g  g a s e s .  

There  are two types  of  GMA welding:  s p r a y - t r a n s f e r  and s h o r t - c i r c u i t i n g .  

The c h i e f  d i f f e r e n c e  between t h e s e  two t y p e s  of  GMA weld ing  i s  t h e  manner i n  which 

t h e  mol ten  metal from t h e  e l e c t r o d e  is  t r a n s f e r r e d  t o  t h e  weld puddle.  I n  s p r a y  

t r a n s f e r  GMA weld ing ,  t h e  metal t r a n s f e r s  i n  t h e  form of  a s p r a y  of f i n e  metal 

d r o p l e t s .  I n  s h o r t - c i r c u i t i n g  GMA weld ing ,  t h e  end of  t h e  e l e c t r o d e  r a p i d l y  and 

r e p e a t e d l y  touches  t h e  weld puddle  ( s h o r t  c i r c u i t s ) .  Each t i m e  i t  touches t h e  pud- 

d l e ,  some of t h e  e l e c t r o d e  w i r e  m e l t s  o f f  i n t o  t h e  puddle.  

Both types  o f  GMA weld ing  are used f o r  weld ing  s t a i n l e s s  s teel .  S i n c e  t h e  

c h a r a c t e r i s t i c s  and a p p l i c a t i o n s  of each  t y p e  d i f f e r ,  t hey  are d i s c u s s e d  s e p a r a t e l y  

i n  t h e  fo l lowing  s e c t i o n s .  

Spray- Transfer  GMA Welding. S p r a y - t r a n s f e r  i s  the more common of  

t h e  two GMA welding p r o c e s s e s .  The p roces s  may b e  e i t h e r  f u l l y  au toma t i c  o r  semi- 

au toma t i c  w i t h  t h e  welder  man ipu la t ing  t h e  t o r c h  manually. I n  b o t h  cases, t h e  

e l e c t r o d e  w i r e  i s  f e d  mechanica l ly  from a c o i l  th rough t h e  weld ing  gun t o  t h e  

arc. 

The h i g h  weld ing  c u r r e n t s  used i n  s p r a y  t r a n s f e r  GMA weld ing  p reven t  t h e  

weld ing  of t h i n  s t a i n l e s s  s teel  s h e e t .  S t a i n l e s s  s tee l  114- inch - th i ck  i s  t h e  

t h i n n e s t  t h a t  c a n  b e  welded p r a c t i c a l l y ,  a l t hough  s h e e t  as t h i n  as 118 i n c h  can  
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b e  welded i f  c o n s i d e r a b l e  care i s  used.  Maximum t h i c k n e s s  u s u a l l y  i s  around 

- 2 i n c h e s .  F o r  p l a t e  t h i c k e r  t h a n  t h i s ,  submerged-arc welding would b e  used. 

The major advan tage  of  s p r a y - t r a n s f e r  GMA welding i s  t h a t  h i g h - q u a l i t y  welds 

- can  b e  produced a t  h i g h  welding speeds .  S p r a y - t r a n s f e r  GMA welds can  b e  made much 

f a s t e r  t h a n  covered e l e c t r o d e  welds .  S i n c e  a f l u x  i s  n o t  used,  t h e r e  i s  no chance 

f o r  t h e  ent rapment  of  s l a g  i n  the weld metal .  The i n e r t - g a s  s h i e l d  p r o t e c t s  t h e  

arc so w e l l  t h a t  there i s  v e r y  l i t t l e  los s  o f  a l l o y i n g  e lements  as t h e  metal moves 

a c r o s s  t h e  arc from the e l e c t r o d e  w i r e  t o  the weld metal. S p r a y - t r a n s f e r  GMA weld-  

i n g ,  however, i s  g e n e r a l l y  r e s t r i c t e d  t o  u s e  i n  t h e  f l a t  o r  h o r i z o n t a l  p o s i t i o n s .  

S a t i s f a c t o r y  welds are  v e r y  d i f f i c u l t  i f  n o t  i m p o s s i b l e  t o  a c h i e v e  i n  t h e  v e r t i -  

ca l  o r  overhead p o s i t i o n s .  

The metal t h a t  i s  mel ted  o f f  t h e  end of  t h e  e l e c t r o d e  f i l l e r  w i r e  t r a n s f e r s  

a c r o s s  t h e  welding a r c  t o  t h e  weld puddle as a s p r a y  of v e r y  f i n e  metal d r o p l e t s  

( t h u s , t h e  name " s p r a y - t r a n s f e r" ) .  These d r o p l e t s  are t o o  f i n e  t o  b e  s e e n  i n -  

d i v i d u a l l y .  The d r o p l e t s  are  i n t e r s p e r s e d  i n  t h e  a r c  i t s e l f  and t h e  combined 

a rc- meta l  s p r a y  h a s  t h e  shape of a n  i n v e r t e d  cone.  The end of  t h e  e l e c t r o d e  

t a k e s  on a p o i n t e d  shape  as i t  melts. 

Two e l e c t r i c a l  r equ i rements  must be met i f  s p r a y  t r a n s f e r  i s  t o  be  ach ieved :  

(1) r e v e r s e - p o l a r i t y  d i r e c t  c u r r e n t  must b e  used,  and ( 2 )  t h e  welding c u r r e n t  must 

b e  above a c e r t a i n  c r i t i c a l  l e v e l .  Globu la r  r a t h e r  t h a n  s p r a y  t r a n s f e r  w i l l  occur  

i f  e i t h e r  of  these requ i rements  i s  n e g l e c t e d  ( F i g u r e  2 2 ) .  I n  g l o b u l a r  t r a n s f e r ,  

l a r g e  b a l l s  of mol ten  metal w i l l  b u i l d  up on t h e  end of t h e  e l e c t r o d e  and d rop  

i n t o  t h e  weld puddle .  When t h i s  o c c u r s ,  t h e  a r c  i s  h a r d  t o  c o n t r o l ,  p e n e t r a t i o n  

and bead shape  are poor ,  and t h e r e  i s  a l o t  of s p a t t e r .  The c r i t i c a l  l e v e l  of 

welding c u r r e n t  depends on t h e  s i z e  of e l e c t r o d e  f i l l e r  w i r e  t h a t  i s  b e i n g  used.  

Higher c u r r e n t s  must b e  used f o r  l a r g e r  w i r e  t o  o b t a i n  s p r a y  t r a n s f e r .  

S h o r t - c i r c u i t i n g  GMA Welding. Although t h i s  type  of  GMA welding i s  

no t  used as much as s p r a y - t r a n s f e r  GMA welding,  i t s  p o p u l a r i t y  i s  growing r a p i d l y .  

79  



Molten weld metal \ 
w / F i I l e r  wire 

? I I/ ,Arc plus spray of 

Sol id if ied 
weld metal 

fine 

a. Spray Transfer 

Arc column 
Spatter -7 

Large drops of molten metal 

b. Globular Transfer 

FIGURE 22. GAS-SHIELDED METAL-ARC WELDING WITH SPRAY AND GLOBULAR TRANSFER 
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S h o r t - c i r c u i t i n g  GMA welding d i f f e r s  from s p r a y - t r a n s f e r  GMA welding c h i e f l y  i n  

t h e  method by which t h e  molten metal i s  t r a n s f e r r e d  from the end of t h e  f i l l e r  

w i r e  t o  t h e  weld puddle.  Otherwise ,  t h e  p r o c e s s e s  are similar:  t h e  e l e c t r o d e  

f i l l e r  w i r e  i s  f e d  a u t o m a t i c a l l y  th rough  the weld ing  gun from a c o i l  t o  t h e  arc 

w i t h  a n  i n e r t  g a s  s h i e l d i n g  the arc,  end o f  t h e  f i l l e r  w i r e ,  and weld puddle  from 

t h e  a tmosphere .  

Due t o  a combinat ion of low heat  i n p u t  and t h e  method of  metal t r a n s f e r ,  s h o r t -  

c i r c u i t i n g  GMA welding i s  w e l l  s u i t e d  f o r  the welding of  t h i n  s t a i n l e s s  s tee l  s h e e t .  

S t a i n l e s s  s t e e l  as t h i n  as 1 / 3 2  i n c h  can b e  welded by t h i s  p r o c e s s .  The maximum 

t h i c k n e s s  of s t a i n l e s s  s t e e l  welded i s  abou t  114 i n c h .  Th i s  i s  because  the metal 

d e p o s i t i o n  rate  i s  lower t h a n  t h a t  o b t a i n e d  w i t h  s p r a y - t r a n s f e r  GMA welding and 

welding speeds  would b e  t o o  low when welding t h i c k e r  material by s h o r t - c i r c u i t i n g  

GMA welding.  

The c h i e f  advan tage  of  t h e  s h o r t - c i r c u i t i n g  GMA welding p r o c e s s  is  t h e  

a b i l i t y  t o  weld s t a i n l e s s  s tee l  s h e e t  a t  h i g h  speeds .  Welding speeds  are h i g h e r  

than t h o s e  used f o r  GTA welding,  the o t h e r  p rocess  u s u a l l y  used f o r  a r c  welding 

s t a i n l e s s  s tee l  s h e e t ,  S h o r t - c i r c u i t i n g  GMA welding can  be  done i n  a l l  p o s i t i o n s .  

S ince  t h e  h e a t  i n p u t  i s  low, d i s t o r t i o n  due t o  welding i s  a l s o  low. J o i n t  f i t u p  

i s  no t  c r i t i c a l .  J o i n t s  w i t h  wide gaps c a n  b e  welded s i n c e  t h e  weld metal f r e e z e s  

r a p i d l y  and t h e  j o i n t  gap c a n  b e  b r i d g e d  w i t h o u t  m e l t i n g  through t h e  j o i n t .  

many a p p l i c a t i o n s ,  a m i x t u r e  o f  a rgon  and carbon d i o x i d e  can b e  used f o r  t h e  

s h i e l d i n g  gas. This mix tu re  i s  cheaper  t h a n  the pure  a rgon  used f o r  GTA welding.  

Very l i t t l e ,  i f  any,  s p a t t e r  o c c u r s ,  s o  pos twe ld ing  c leanup  i s  easier.  High 

t r a v e l  s p e e d s ,  cheaper  s h i e l d i n g  g a s ,  less c leanup ,  and less c r i t i c a l  j o i n t  

f i t u p  combine t o  make s h o r t - c i r c u i t i n g  GMA welding more economical  t h a n  GTA 

welding.  

For  

The a c t i o n  of t h e  a r c  and t h e  method of metal t r a n s f e r  i n  s h o r t - c i r c u i t i n g  

GMA welding i s  d i f f e r e n t  from o t h e r  t y p e s  of arc we ld ing .  The welding c u r r e n t  i s  
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below the level  r e q u i r e d  f o r  s p r a y - t r a n s f e r .  As  the  end of  the f i l l e r  w i r e  

melts, t h e  m e t a l  does n o t  s p r a y  a c r o s s  t h e  arc b u t  b u i l d s  up i n  a b a l l  on  the 

end of  t h e  w i r e  (F igure  23 ) .  Th i s  b a l l  b u i l d s  up i n  s i z e  u n t i l  i t  touches  the  

weld puddle ,  e x t i n g u i s h i n g  t h e  arc ,  and c r e a t e s  a s h o r t  c i r c u i t .  When the short 

c i r c u i t  o c c u r s ,  the welding c u r r e n t  i n c r e a s e s  r a p i d l y ,  c a u s i n g  t h e  drop of  molten 

metal t o  be  "pinched" o f f  from the end of t h e  f i l l e r  w i r e .  The arc i s  r e i n i t i a t e d  

and t h e  p rocess  r e p e a t s .  The s h o r t - c i r c u i t i n g  a c t i o n  i s  v e r y  r a p i d .  A s  many as 

200 s h o r t  c i r c u i t s  a second may o c c u r .  

Equipment. The equipment needed f o r  GMA welding i n c l u d e s  a power 

supp ly ,  a welding gun, a mechanism f o r  f e e d i n g  the  f i l l e r  w i r e ,  a set  of  c o n t r o l s ,  

and a s h i e l d i n g  gas. 

Two t y p e s  of power s o u r c e s  are  used f o r  s p r a y - t r a n s f e r  GMA welding.  These 

are the c o n s t a n t - c u r r e n t  d roop ing- vo l tage  t y p e  and t h e  c o n s t a n t - v o l t a g e  type ,  

w i t h  the c o n s t a n t - v o l t a g e  t y p e  f i n d i n g  the w i d e s t  use .  Motor g e n e r a t o r  o r  d-c 

r e c t i f i e r  power s o u r c e s  of e i t h e r  t y p e  may b e  used.  Cons tan t- vo l t age  power 

s u p p l i e s  w i t h  a v a r i a b l e - i n d u c t a n c e  c o n t r o l  d e v i c e  are used f o r  s h o r t - c i r c u i t i n g  

GMA welding.  The c o n t r o l  d e v i c e  i n t r o d u c e s  a v a r i a b l e  amount o f  induc tance  i n t o  

t h e  welding c i r c u i t .  

t h e  e l e c t r o d e  touches  t h e  weld pool .  Without i n d u c t a n c e ,  t h e  c u r r e n t  would i n -  

c r e a s e  s o  r a p i d l y  t h a t  t h e  end of t h e  w i r e  would be l i t e r a l l y  exploded away, 

c r e a t i n g  excess  s p a t t e r .  With i n d u c t a n c e ,  t h e  end of  t h e  w i r e  i s  pinched o f f  

g e n t l y  a l l o w i n g  t h e  arc t o  r e s t a r t  w i t h o u t  s p a t t e r .  

Theinductance  slows down t h e  ra te  of c u r r e n t  i n c r e a s e  when 

Both manual ( u s u a l l y  c a l l e d  semi- automat ic)  and au tomat ic  welding guns are 

a v a i l a b l e .  Both manual and a u t o m a t i c  guns have a n o z z l e  f o r  d i r e c t i n g  t h e  s h i e l d -  

i n g  g a s  around t h e  arc  and over  t h e  weld puddle.  The w i r e  p a s s e s  through a copper  

c o n t a c t  t u b e ,  l o c a t e d  i n  t h e  n o z z l e ,  where i t  p i c k s  up t h e  welding c u r r e n t .  

Manual guns d i f f e r  i n  d e s i g n  i n  t h e  manner i n  which t h e  e l e c t r o d e  w i r e  i s  

fed .  

p roper .  

Some manual welding guns c o n t a i n  t h e  w i r e- d r i v i n g  mechanism i n  t h e  gun 

These are c a l l e d  " p u l l"  guns because  they  p u l l  t h e  w i r e  i n t o  t h e  gun. 
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FIGURE 23. STEPS I N  SHORT-CIRCUITING METAL TRANSFER 
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The d r i v e  r o l l s  may b e  powered by a n  e l e c t r i c  motor con ta ined  i n  t h e  gun o r  by 

a f l e x i b l e  s h a f t  l e a d i n g  from a motor mounted i n  the c o n t r o l  u n i t .  Some of t h e  

guns t h a t  c o n t a i n  t h e  w i r e- d r i v e  motor a l s o  ho ld  a small s p o o l  of f i l l e r  w i r e .  

While these guns are b u l k i e r  t h a n  t h e  o t h e r  t y p e s ,  the  number of connec t ions  t o  I 

t h e  c o n t r o l  u n i t  a re  minimized. The w i r e- d r i v e  mechanism a l s o  may b e  mounted on 

the c o n t r o l  u n i t  w i t h  the w i r e  b e i n g  d r i v e n  th rough  a f l e x i b l e  c o n d u i t  t o  the 

welding gun. This  i s  c a l l e d  "push" t y p e  of w i r e  d r i v e .  The gun i s  less bu lky  

t h a n  t h e  p u l l  type .  Smal l- diameter  w i r e  may b u c k l e  when f e d  l o n g  d i s t a n c e s  by 

a p u l l - t y p e  mechanism. 

r e l a t i v e l y  c l o s e  t o  t h e  welding s t a t i o n .  The normal maximum d i s t a n c e  t h a t  f i l l e r  

Thus, t h e  push- type w i r e - d r i v e  mechanism must be  p laced  

w i r e  i s  f e d  i s  about  1 2  f e e t .  One type  of manual welding gun combines b o t h  a 

gun- located " p u l l "  mechanism and a remote "push" mechanism f o r  f e e d i n g  t h e  

f i l l e r  w i r e  ( c a l l e d  a "push-pul l"  w i r e  f e e d ) .  T h i s  equipment was e s p e c i a l l y  de-  

s igned  f o r  welding w i t h  v e r y  f i n e  w i r e s .  

Automatic GMA welding guns are  mounted d i r e c t l y  t o  t h e  w i r e - d r i v e  mechanism. 

The combined u n i t  may be  i n  a f i x e d  l o c a t i o n  w i t h  p r o v i s i o n  f o r  moving t h e  work- 

piece underneath  t h e  n o z z l e  o r  t h e  work may b e  f i x e d  and t h e  gun- dr ive  mechanism 

can  be  mounted on a movable head.  The au tomat ic  gun c o n t a i n s  t h e  c u r r e n t  p ickup 

tube ,  a water- cooled j a c k e t ,  and a nozz le  f o r  d i r e c t i n g  t h e  f low of s h i e l d i n g  g a s .  

The au tomat ic  gun i s  b u i l t  more rugged ly  than  t h e  manual gun and i s  des igned t o  

o p e r a t e  a t  h i g h e r  c u r r e n t s .  

Pure  argon o r  a rgon  w i t h  a small a d d i t i o n  of oxygen i s  t h e  s h i e l d i n g  g a s  

used f o r  s p r a y - t r a n s f e r  GMA welding of  s t a i n l e s s  s tee l .  Pure he l ium i s  no t  used 

as s p r a y  t r a n s f e r  i s  d i f f i c u l t  t o  o b t a i n ,  h i g h  gas- f low ra tes  are  r e q u i r e d ,  

and the g a s  s h i e l d  i s  easier t o  d i s r u p t  than  w i t h  t h e  h e a v i e r  argon.  

When pure  a rgon  i s  used,  t h e  weld metal does  n o t  w e t  t h e  b a s e  metal uniformly 

and t h e  arc t e n d s  t o  wander. This can  r e s u l t  i n  a nonuniform weld bead that  may 
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have  u n d e r c u t t i n g  a t  t h e  edges of  t h e  bead.  By i n t r o d u c i n g  a small amount of 

gxygen i n t o  t h e  a rgon s h i e l d i n g  g a s ,  t h e  weld d e p o s i t  becomes v e r y  uni form and 

u n d e r c u t t i n g  i s  e l i m i n a t e d .  Normally, a rgon w i t h  1-2 p e r c e n t  oxygen i s  used 

. f o r  weld ing  s t a i n l e s s  s teels .  It may b e  neces sa ry  t o  raise t h e  oxygen c o n t e n t  

t o  5 p e r c e n t  t o  e l i m i n a t e  u n d e r c u t t i n g  when welding t h i c k  s t a i n l e s s  s tee l  p l a t e .  

The p re sence  of  oxygen i n  t h e  s h i e l d i n g  gas  w i l l  c a u s e  some l o s s  of  t h e  a l l o y i n g  

e lements  i n  t h e  weld metal. These metals become o x i d i z e d  as t h e  metal t r a n s f e r s  

a c r o s s  t h e  arc.  These l o s s e s  are  r e l a t i v e l y  small and o r d i n a r i l y  do n o t  cause  

any problem. However, i f  t h e  s e r v i c e  c o n d i t i o n s  are s e v e r e ,  any l o s s e s  of a l l o y -  

i n g  e lements  may no t  be  t o l e r a t e d .  I n  t h i s  c a s e ,  i t  becomes neces sa ry  t o  u se  

p u r e  a rgon s h i e l d i n g  g a s  even though t h e  shape  of t h e  weld bead may no t  b e  

i d e a l .  

* s h i e l d i n g  gas used f o r  s h o r t - c i r c u i t i n g  GMA weld ing  o f  s t a i n l e s s  s tee l  i s  

a mixture  of e i t h e r  argon-5 p e r c e n t  oxygen o r  argon-25 p e r c e n t  carbon d i o x i d e  o r  

pu re  carbon d i o x i d e .  Recent work h a s  i n d i c a t e d  t h a t  a mix tu re  of 90 hel ium-7.5 

argon-2.5 carbon d i o x i d e  improves w e t t a b i l i t y  and bead shape  (Ref. 38). Smooth 

a r c  o p e r a t i o n  i s  o b t a i n e d  w i t h  a l l  t h r e e  gases .  The argon-carbon d i o x i d e  mix- 

t u r e  and pu re  carbon d i o x i d e  produces a f l a t t e r  and smoother weld bead. The 

a d d i t i o n  of  carbon d i o x i d e  t o  a rgon s h i e l d i n g  gas a l s o  i n c r e a s e s  p e n e t r a t i o n  

of  t h e  weld j o i n t  which, i n  t u r n ,  d e c r e a s e s  t h e  p o s s i b i l i t y  of l a c k  of  f u s i o n  

i n  t h e  j o i n t  (Ref. 39) .  Carbon may b e  p icked  up by t h e  weld metal from t h e  

carbon d i o x i d e  mix tu re  t h a t  w i l l  c ause  a decrease i n  t h e  c o r r o s i o n  r e s i s t a n c e  

of t h e  weld metal (Refs .  39 ,40 ) .  Th i s  w i l l  n o t  be a problem i f  t h e  a p p l i c a t i o n  

does n o t  r e q u i r e  good c o r r o s i o n  r e s i s t a n c e .  

have been developed f o r  u s e  w i t h  ca rbon- d iox ide  s h i e l d i n g  gas  (Ref.  4 1 ) .  The low 

ca rbon  c o n t e n t  o f  t h e  w i r e  compensates f o r  t h e  carbon pickup from t h e  gas .  I f  t h e  

weld w i l l  be exposed t o  a c o r r o s i v e  atmosphere,however,  t h e  argon-oxyger s h i e l d i n g  

always should  b e  used.  

Low-carbon 308 and 310 f i l l e r  wires 
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Various  s i z e s  and shapes  o f  g a s  nozz l e s  are used  w i t h  GMA weld ing  equip-  

ment. Each of  t h e s e  nozz l e s  h a s  a r ange  o f  s h i e l d i n g  g a s  f low rates t o  a c h i e v e  - 

optimum s h i e l d i n g .  For  t h i s  r ea son ,  no recommendation can  b e  made f o r  s h i e l d i n g  

gas  f l ow rates f o r  t h e  GMA weld ing  of s t a i n l e s s  steels.  I n s t e a d ,  t h e  o p e r a t o r  

should  r e f e r  t o  t h e  i n s t r u c t i o n  book f o r  t h e  equipment t h a t  i s  be ing  used.  

The s i z e  (d i ame te r )  of t h e  f i l l e r  w i r e  used  f o r  s p r a y - t r a n s f e r  GMA weld ing  

depends on t h e  s i z e  o f  t h e  weld bead and t h e  p e n e t r a t i o n  t h a t  i s  d e s i r e d .  As t h e  

s i z e  o f  t h e  f i l l e r  w i r e  i n c r e a s e s ,  t h e  weld bead t h a t  i s  d e p o s i t e d  w i l l  become 

t h i c k e r .  Also,  a h i g h e r  weld ing  c u r r e n t  w i l l  be  r e q u i r e d  t o  a c h i e v e  sp ray-  

t r a n s f e r  (Ref. 42) .  The i n c r e a s e  i n  weld ing  c u r r e n t  w i l l  i n c r e a s e  p e n e t r a t i o n .  

The level  of  weld ing  c u r r e n t  r e q u i r e d  t o  a c h i e v e  s p r a y  t r a n s f e r  f o r  v a r i o u s  w i r e  

s i z e s  i s  shown i n  T a b l e  X I V .  

The common s i z e s  of  f i l l e r  w i r e  used f o r  s p r a y - t r a n s f e r  GMA weld ing  are 3132-, 

1 /16- ,  0.045- , and 0.035- inch d i ame te r .  The recommended s i z e s  of  f i l l e r  w i r e  f o r  

v a r i o u s  base- meta l  t h i c k n e s s e s  are shown i n  T a b l e  XV. 

c ludes  base- meta l  t h i c k n e s s e s  down t o  118 i n c h ,  s p r a y - t r a n s f e r  GMA weld ing  u s u a l l y  

i s  r e s t r i c t e d  t o  m a t e r i a l  w i t h  a 1 /4 - inch  minimum t h i c k n e s s .  The most f r e q u e n t l y  

used f i l l e r  w i r e  s i z e s ,  t h e r e f o r e ,  are 1/16- and 3 /32- inch  d i ame te r .  Most s h o r t -  

c i r c u i t i n g  GMA weld ing  i s  done w i t h  0 .030- inch- diameter  w i r e ,  a l t hough  0.035 and 

0.045- inch d i ame te r  o c c a s i o n a l l y  i s  used.  

Although t h i s  t a b l e  i n -  

A " f a b r i c a t e d"  stainless steel e l e c t r o d e  w i r e  i s  a v a i l a b l e  from one e l e c t s o d e  

w i r e  s u p p l i e r  (Ref. 43). This  i s  a t u b u l a r  w i r e  c o n t a i n i n g  g r a n u l a r  a l l o y i n g  i n -  

g r e d i e n t s  i n  t h e  c o r e .  

shape. A t  one s t a g e  i n  t h i s  forming o p e r a t i o n ,  t h e  premixed and p r e - a l l o y e d  i n -  

g r e d i e n t s  are metered i n t o  t h e  p a r t i a l l y  formed t u b e .  The t u b e  t h e n  i s  t i g h t l y  

c l o s e d  and s i z e d  by d i e s .  During we ld ing ,  t h e  g r a n u l a r  a l l o y i n g  e lements  mix w i t h  

E x t r a  low-carbon s teel  s t r i p  i s  r o l l  formed i n t o  a t u b u l a r  

rhe  lowlcarbon s tee l  of t h e  tube  as i t  i s  melted 

s teel  weld metal. Composition of t h e  weld meta l  

by t h e  a r c  t o  form a s t a i n l e s s  

c a n  b e  e a s i l y  a l t e r e d  by changing 



TABLE XIV.  APPROXIMATE WELDING CURRENT REQUIRED 
FOR SPRAY TRANSFER (REF. 42)  

Wire 
D i a m e  t e If, 

inch _---- 

0.030 

0.035 

0.045 

1 /16  

3 / 3 2  

A p p r o x i m a t e  M i n i m u m  Welding 
C u r r e n t  f o r  S p r a y  Transfer,  

a m p s  -- -- 

150 

175 

200 

250 

3 50 
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TABLE XV. ELECTRODE WIRE SIZE FOR SPRAY-TRANSFER GMA 
WELDING VARIOUS THICKNESSES OF 

STAINLESS STEEL 

Bas e-me tal 
Thickness, 

inch --- 

118 

318 

112 and 
thicker 

E le c t rode 
Wire Diameter, 

inch 
- - 

0.035 - 0.045 

0.045 - 1/16 
1/16 - 3/32 

3/32 
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t h e  composi t ion mix of  t h e  g r a n u l a r  a l l o y i n g  e lements .  By u s i n g  the extra- low- 

carbon s teel  s t r i p ,  t h e  ca rbon  c o n t e n t  of  the s t a i n l e s s  steel weld d e p o s i t  can  

-b e  main ta ined  below t h e  c o n v e n t i o n a l l y  a c c e p t e d  minimum l i m i t s ,  It i s  c la imed 

that  t h e  t o l e r a n c e  o r  a l l o y i n g  e lement  c o n t e n t  can  b e  mainta ined c l o s e r  t h a n  t h e  

commercial t o l e r a n c e s  set  up by the American Welding S o c i e t y .  This t u b u l a r  w i r e  

i s  used i n  t h e  same manner, as c o n v e n t i o n a l  s o l i d  w i r e  w i t h  argon s h i e l d i n g  g a s  

f o r  s p r a y - t r a n s f e r  GMA welding.  

J o i n t  Design. J o i n t  d e s i g n s  used f o r  s p r a y - t r a n s f e r  gas- meta l- a rc  welding 

are  similar t o  t h o s e  used f o r  sh ie lded- meta l- a rc- weld ing ,  The j o i n t s  are  modi- 

f i e d  s l i g h t l y ,  however, t o  t a k e  advan tage  of t h e  g r e a t e r  p e n e t r a t i o n  o b t a i n a b l e  

w i t h  t h i s  p r o c e s s .  These m o d i f i c a t i o n s  are: narrower r o o t  openings ,  narrower  

groove a n g l e ,  and t h i c k e r  r o o t  f a c e s .  The u s e  of t h e  narrower groove a n g l e  h a s  

the  added advan tage  of r e q u i r i n g  less f i l l e r  metal t o  f i l l  up t h e  groove.  For 

example, when a 45- degree  groove a n g l e  i n  314- inch- th ick  p l a t e  i s  used i n s t e a d  

of a 60-degree groove a n g l e ,  30 p e r c e n t  less weld metal i s  r e q u i r e d .  

j o i n t  d e s i g n s  are i l l u s t r a t e d  i n  F i g u r e  24. 

Typ ica l  

B u t t ,  l a p ,  f i l l e t ,  and c o r n e r  j o i n t s  can  b e  welded by the s h o r t - c i r c u i t i n g  

GMA p rocess  i n  a l l  p o s i t i o n s .  

welding i s  low, so f o r  complete  p e n e t r a t i o n ,  b u t t  and c o r n e r  j o i n t s  i n  s t a i n l e s s  

s teel  1/16 i n c h  o r  t h i c k e r  m u s t  be  opened up (F igure  25).  I f  t h e  j o i n t  opening i s  

t o o  wide due  t o  poor a l ignment  o r  warped p a r t s ,  t h e  opening can  be  b r idged  w i t h  

weld metal by a l t e r i n g  welding c o n d i t i o n s  ( s e e  s e c t i o n  on Welding Procedures ) .  A 

copper backup b a r  can b e  used when making b u t t  welds t o  c o n t r o l  excess p e n e t r a t i o n  

o r  burnthrough.  However, t h e  backup b a r  i s  n o t  as impor tan t  h e r e  as w i t h  o t h e r  

types  of arc welding s i n c e  t h e s e  problems are no t  as a p t  t o  occur  w i t h  s h o r t -  

c i r c u i t i n g  GMA welding.  

The p e n e t r a t i o n  o b t a i n e d  w i t h  s h o r t - c i r c u i t i n g  GMA 
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For 1/2" thick base material 

1/16" - 1/8" 1/16" max 

90 

--f 1-1/16" max 

For base 

I, 16" - 

metal 

For 3/8" - 3/4" thick base metal 

For base metal thicker than 1/2" 

b-45-J 
\ 

thicker than 3/4" 

- 1/16" - l/8" 

-I /l6" max 

FIGURE 24. TYPICAL JOINT DESIGNS FOR GAS-SHIELDED 
METAL-ARC WELDING OF STAINLESS STEEL 



U t  For 1/4" thick base material welded 7 1  from both sides 

For V4"- 314" thick base material 

1/16" 

For 3/4" and thicker base material 

FIGURE 24. (Continued) 

9 1  



-- ~~o - 

*-I ~ 1/8" 

Material Thickness 

18 gage and thinner 

I/ 16" 

I /8" 

3/ 16" 

FIGURE 25. TYPICAL BUTT J O I N T S  FOR SHORT-CIRCUITING 
GMA WELDING OF STAINLESS STEEL ( R e f .  41) 
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Welding Procedures .  Gas-metal-arc welding o f  s t a i n l e s s  s tee l  may b e  

'done e i t h e r  a u t o m a t i c a l l y  o r  manually (semi- automat ic) .  Manual welding i s  similar 

t o  s h i e l d e d  metal-arc welding i n  t h a t  t h e  o p e r a t o r  h o l d s  and manipu la tes  t h e  

* w e l d i n g  t o r c h  o r  gun. Less o p e r a t o r  s k i l l  i s  r e q u i r e d ,  though, s i n c e  c o n s t a n t  

a r c  l e n g t h  i s  mainta ined a u t o m a t i c a l l y  and there i s  no need t o  move t h e  gun t o  

compensate f o r  e l e c t r o d e  mel t ing .  F o r  au tomat ic  welding,  t h e  o p e r a t o r ' s  d u t i e s  

c o n s i s t  of s e t t i n g  the welding c o n d i t i o n s ,  a l i g n i n g  the gun w i t h  t h e  j o i n t ,  and 

s t a r t i n g  and s t o p p i n g  t h e  welding o p e r a t i o n .  During welding,  t h e  o p e r a t o r  shou ld  

watch t h e  o p e r a t i o n  c a r e f u l l y  t o  be su re  t h a t  t h e  p r o p e r  gun a l ignment  i s  b e i n g  

mainta ined and t h a t  welding i s  p r o g r e s s i n g  p r o p e r l y .  

Typ ica l  welding c o n d i t i o n s  f o r  s p r a y - t r a n s f e r  and s h o r t - c i r c u i t i n g  GMA welding 

of s t a i n l e s s  steel are g i v e n  i n  T a b l e  X V I .  

Weld j o i n t  p e n e t r a t i o n ,  weld bead r e i n f o r c e m e n t ,  and bead shape  can b e  

a l t e r e d  by a d j u s t i n g  c e r t a i n  welding c o n d i t i o n s .  

i n c r e a s e  as t h e  welding c u r r e n t  i n c r e a s e s .  A s h o r t  arc  w i l l  "dig in"  and i n c r e a s e  

p e n e t r a t i o n ,  w h i l e  i f  less p e n e t r a t i o n  i s  d e s i r e d ,  a l o n g e r  arc shou ld  b e  used.  A 

h i g h e r  welding c u r r e n t  a l s o  w i l l  p roduce a h e a v i e r  weld d e p o s i t .  The amount of  

e l e c t r o d e  " s t i c k - o u t ' '  w i l l  a f f e c t  the  ra te  o f  m e l t i n g  of t h e  wire. ( S t i c k- o u t  

i s  t h e  d i s t a n c e  from the  end of t h e  c o n t a c t  t u b e  t o  the end of  the e l e c t r o d e  w i r e . )  

The g r e a t e r  t h e  s t i c k - o u t ,  t h e  h i g h e r  w i l l  b e  t h e  m e l t i n g  rate (Ref. 4 2 ) .  By 

changing t h e  amount of  s t i c k - o u t ,  the amount of f i l l e r  w i r e  t h a t  i s  mel ted  and the  

s i z e  of  the weld bead c a n  b e  a l t e r e d  w i t h o u t  changing t h e  welding c u r r e n t .  The 

amount of  s t i c k - o u t  a l s o  i n f l u e n c e s  t h e  amount of  p e n e t r a t i o n  t h a t  i s  o b t a i n e d .  

A s  t h e  s t i c k o u t  i n c r e a s e s ,  p e n e t r a t i o n  d e c r e a s e s ,  I n  manual welding,  t h e  o p e r a t o r  

can  t a k e  advan tage  of  t h i s  b e h a v i o r .  I f  t h e  j o i n t  has poor f i t u p  w i t h  a wide r o o t  

opening,  s t i c k - o u t  shou ld  b e  i n c r e a s e d  t o  d e c r e a s e  p e n e t r a t i o n  and make the weld 

metal f r e e z e  f a s t e r .  

s t i c k - o u t ,  the o p e r a t o r  c a n  b r i d g e  the wide j o i n t  s p a c i n g  w i t h o u t  burn ing  through 

the j o i n t .  

P e n e t r a t i o n  and bead wid th  b o t h  

By u s i n g  a s l i g h t  weave i n  c o n j u n c t i o n  with the i n c r e a s e d  
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TABLE X V I .  TYPICAL WELDING CONDITIONS FOR GMA WELDING 
OF STAINLESS STEEL (REF. 10) 

Wire Welding Arc Wire Feed Metal  Deposi t ion  

inch  amps v o l t s  i pm l b .  p e r  hour 
D i a m e t e r  , Curren t ,  Vol tage ,  Speed, R a t e ,  

- -- - 

1/16 

3/32 

0.030 

0.035 

0.045 

2 10 
260 
300 

300 
400 
500 

Spray T r a n s f e r  

23 132 
24 168 
25 2 00 

24 60 
25 95 
27  125 

-- S h o r t  C i r c u i t i n g  

50-15qf la t )  18-24 
50-125(ver t -  
i c a l  o r  
overhead) 18-24 

7 5 - 1 7 5 ( f l a t )  18-24 
75-150(vert-  
i c a l  o r  
overhead) 18-24 

100-225 ( f l a t )  18-24 
100-175 ( v e r t -  
i c a l  o r  
overhead) 18-24 

7.0 
8.8 

10,6 

8.3 
11,8 
15.2 
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I n c r e a s i n g  t h e  we ld ing  speed w i l l  d e c r e a s e  b o t h  p e n e t r a t i o n  and bead width .  

I f  the speed becomes t o o  f a s t ,  undercu t  w i l l  occur  a l o n g  t h e  edges  o f  the bead and 

t h e r e  may b e  areas of  l a c k  of  f u s i o n .  Higher  t ravel  speeds  can  b e  used when the 

weld i s  b e i n g  d e p o s i t e d  i n  narrow grooves  i n  t h i n  material t h a n  when welding wide 

j o i n t s  i n  t h i c k  p l a t e .  

I n  manual GMA welding,  the o p e r a t o r  h o l d s  and manipu la tes  the welding gun. 

The impor tan t  t h i n g  f o r  t h e  o p e r a t o r  t o  remember i s  t h a t  t h e  motion of t h e  gun 

a l o n g  the j o i n t  must b e  uniform and t h e  p o s i t i o n  of  t h e  gun w i t h  r e s p e c t  t o  the 

j o i n t  must b e  h e l d  c o n s t a n t .  

I n  s h i e l d e d  metal-arc welding,  p e n e t r a t i o n  i s  r e l a t i v e l y  sha l low and v a r i a -  

t i o n s  i n  t h e  movement of t h e  e l e c t r o d e  a l o n g  t h e  j o i n t  do no t  a f f e c t  p e n e t r a t i o n  

v e r y  much. I n  GMA we ld ing ,  p e n e t r a t i o n  i s  much g r e a t e r  and changes i n  t rayel  

speed c a n  have a g r e a t e r  e f f e c t  on p e n e t r a t i o n .  Th i s  c a n  l e a d  t o  burnthrough of 

the j o i n t  o r  l a c k  of p e n e t r a t i o n  i f  t h e  o p e r a t o r  moves t h e  t o r c h  e r r a t i c a l l y  

a l o n g  t h e  j o i n t .  Motion m u s t  b e  as uniform as p o s s i b l e .  

Changing t h e  a n g l e  of t h e  welding gun w i l l  change t h e  shape of t h e  weld 

bead. T i l t i n g  t h e  gun i n  t h e  d i r e c t i o n  of welding (backhand t e c h n i q u e )  d e c r e a s e s  

p e n e t r a t i o n ,  i n c r e a s e s  bead wid th ,  and improves the smoothness and con tour  of  the 

bead s u r f a c e .  Cap p a s s e s  on m u l t i p a s s  welds may b e  made w i t h  t h e  backhand t echn ique .  

With t h e  gun t i l t e d  back away from t h e  d i r e c t i o n  o f  welding ( forehand t e c h n i q u e ) ,  

p e n e t r a t i o n ,  though g r e a t e r  t h a n  w i t h  t h e  backhand t e c h n i q u e ,  s t i l l  i s  no t  as 

much as when the gun i s  p e r p e n d i c u l a r  t o  t h e  bead s u r f a c e .  Automatic welds normal ly  

are made w i t h  t h e  gun p e r p e n d i c u l a r  o r  w i t h  a s m a l l  amount of backhand t i l t .  

The same p r e c a u t i o n s  shou ld  b e  e x e r c i s e d  i n  p r o t e c t i n g  t h e  u n d e r s i d e  of  t h e  

weld j o i n t  i n  GMA welding as i n  GTA we ld ing .  Grooved copper  backup s t r i p s  

and i n e r t - g a s  backing may a l s o  be  used i n  GMA welding.  I n  making m u l t i p a s s  we lds ,  

maximum q u a l i t y  i s  o b t a i n e d  by g r i n d i n g  o u t  t h e  u n d e r s i d e  of t h e  r o o t  pass  and 

reweld ing  from t h a t  s i d e .  Root passes are s u b j e c t  t o  v a r i o u s  d e f e c t s  such as 

incomple te  p e n e t r a t i o n  and l a c k  of  f u s i o n .  By g r i n d i n g  o u t  the r o o t  p a s s  t o  
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sound metal and reweld ing ,  t h e s e  d e f e c t s  c a n  b e  e l i m i n a t e d  from the f i n i s h e d  

j o i n t .  

P r e c a u t i o n s .  The p r e c a u t i o n s  t o  b e  observed i n  GMA welding o f  s t a i n l e s s  - 

steels  are  concerned w i t h  b o t h  t h e  equipment and welding procedure .  

Equipment P r e c a u t i o n s .  S u c c e s s f u l  GMA welding depends on f e e d i n g  

t h e  e l e c t r o d e  w i r e  through t h e  gun a t  a p r e c i s e  and uniform speed .  Th i s  means t h a t  

t h e  equipment must b e  k e p t  i n  good o p k r a t i n g  c o n d i t i o n .  Most problems w i t h  GMA 

welding equipment may b e  t r a c e d  t o  a w i r e  f e e d i n g  sys tem t h a t  has no t  been k e p t  

c l e a n  and i n  good c o n d i t i o n .  A w e l l - k e p t  schedu le  of p r e v e n t i v e  maintenance of  

t h i s  sys tem p l a y s  a major r o l e  i n  s u c c e s s f u l  GMA welding.  Impor tan t  p o i n t s  t o  

check i n  such  a schedu le  a re :  

(1) Adjustment of  w i r e - s t r a i g h t e n i n g  r o l l s  ( i f  s o  equipped) .  Improper 

ad jus tment  can  c a u s e  t h e  wire t o  bend as i t  ex i t s  from t h e  c o n t a c t  t u b e  

and t h e  a r c  w i l l  n o t  b e  p r o p e r l y  p o s i t i o n e d  i n  t h e  weld j o i n t .  

( 2 )  Alignment o f  the w i r e  w i t h  t h e  groove i n  t h e  feed  r o l l s .  Misalignment 

w i l l  c a u s e  bending of t h e  w i r e .  The w i r e  a l s o  may c l imb o u t  of  t h e  

groove w i t h  r e s u l t i n g  e r r a t i c  w i r e  f e e d i n g .  

( 3 )  Feed r o l l  clamping p r e s s u r e .  I f  t h e p r e s s u r e  i s  t o o  l i g h t ,  s l i p p a g e  

and e r r a t i c  f e e d i n g  w i l l  r e s u l t .  I f  t h e  p r e s s u r e  i s  t o o  heavy,  t h e  

w i r e  may be deformed t o  t h e  p o i n t  where i t  w i l l  no t  p a s s  f r e e l y  

through t h e  c o n t a c t  tube .  

( 4 )  The wi re- feed  c a b l e  between t h e  w i r e  reel  and r h e  f e e d  r o l l s  shou ld  be  

c l e a n  and f r e e  of k inks .  D i r t  i n  t h e  c a b l e  c a n  be  t r a n s f e r r e d  t o  t h e  

w i r e  and u l t i m a t e l y  t o  t h e  weld metal. A b u i l d u p  o f  d i r t  i n  t h e  c a b l e  

and k inks  i n  t h e  c a b l e  c a n  r e s t r i c t  f r e e  movement of  t h e  w i r e  through 

t h e  c a b l e .  A s  a r e s u l t ,  w i r e  f e e d  may become e r r a t i c .  
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The s i z e s  of  t h e  w i r e  f e e d  c a b l e ,  f eed  r o l l s ,  and c o n t a c t  t u b e  should  match 

t h e  s i z e  of t h e  e l e c t r o d e  w i r e  b e i n g  used.  I f  any of  t h e s e  pa r t s  are of 

t h e  improper s i z e ,  t h e  w i r e  w i l l  n o t  f e e d  smoothly.  I f  t h e  c o n t a c t  t u b e  

is t o o  l a r g e ,  poor p ickup o f  the c u r r e n t  w i l l  o c c u r ,  The equipment 

manufac tu re r s  s u g g e s t i o n s  shou ld  b e  fo l lowed r e g a r d i n g  p roper  s i z e s  o f  

t h e s e  p a r t s .  

D i s t a n c e  between w i r e  f eed  r o l l s  and c o n t a c t  t u b e  o r  w i r e  f e e d  c a b l e .  

Th i s  d i s t a n c e  shou ld  be  as s h o r t  as p o s s i b l e .  I n  t h i s  area,  t h e  w i r e  i s  

unsuppor ted  and i f  t h i s  d i s t a n c e  i s  l a r g e ,  the w i r e  may buck le .  

Winding of t h e  e l e c t r o d e  w i r e  on t h e  s p o o l  o r  c o i l .  I f  the w i r e  becomes 

l o o s e  on the spoo l  o r  c o i l  as i t  f e e d s ,  loops  of w i r e  may become en-  

t a n g l e d  s t o p p i n g  f e e d i n g  of  t h e  w i r e .  

s p o o l s  o r  c o i l s  are equipped w i t h  f r i c t i o n  d e v i c e s  that  app ly  a s m a l l  

amount of t e n s i o n  t o  t h e  w i r e  as i t  f e e d s .  T h i s  p r e v e n t s  loosen ing  

of t h e  w i r e .  Care shou ld  be t a k e n  when mounting the w i r e  s p o o l  o r  

c o i l  t h a t  entanglement  of t h e  w i r e  does  n o t  occur .  

Most mounting s p i n d l e s  f o r  w i r e  

o p e r a t o r  shou ld  check t h e  gas  passages  and g a s - s h i e l d i n g  n o z z l e  p e r i o d i -  

be s u r e  t h a t  t h e  f low of s h i e l d i n g  gas  i s  n o t  b e i n g  d i s r u p t e d .  S p a t t e r  

t ends  t o  b u i l d  up on t h e  i n s i d e  of  t h e  n o z z l e .  I f  t h i s  b u i l d u p  becomes t o o  g r e a t ,  

p roper  s h i e l d i n g  cannot  b e  o b t a i n e d .  

c l eaned  p e r i o d i c a l l y .  

Thus, t h e  i n s i d e  of t h e  nozz le  should  b e  

Contac t  t u b e s  may b e  a n o t h e r  s o u r c e  of  t r o u b l e .  Con tac t  t u b e s  are  made from 

copper o r  copper  a l l o y  and b e i n g  s o f t e r  t h a n  t h e  welding w i r e ,  t end  t o  wear from 

t h e  passage of  t h e  w i r e  through t h e  tube .  This  e n l a r g e s  t h e  b a s e  of t h e  tube ,  

which, i n  t u r n ,  can  c a u s e  e r r a t i c  c u r r e n t  pickup.  Con tac t  tubes  shou ld  b e  re- 

p laced  p e r i o d i c a l l y  t o  m a i n t a i n  good c u r r e n t  b e f o r e  wear becomes so g r e a t  t h a t  

problems occur .  
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Procedure  P r e c a u t i o n s .  The q u a l i t y  of  the weld j o i n t  a l s o  depends 

on t h e  welding procedures  t h a t  are used.  

major e f f e c t s  on the q u a l i t y  o f  GMA j o i n t s  i n  s t a i n l e s s  steels.  

encoun te red  d e f e c t s  and the i r  c a u s e s  are d i s c u s s e d  i n  t h e  fo l lowing  pa ragraphs .  

S l i g h t  v a r i a t i o n s  i n  p rocedure  c a n  have 

The most f r e q u e n t l y  

Burnthrough and excessive p e n e t r a t i o n  c a n  b e  caused by p u t t i n g  t o o  much welding 

h e a t  i n t o  t h e  j o i n t .  The welding c u r r e n t  should  be dec reased  o r  the t r a v e l  speed 

i n c r e a s e d .  P e n e t r a t i o n  w i l l  be  dec reased  by t i l t i n g  t h e  gun toward the d i r e c t i o n  

of  we ld ing  ( forehand t e c h n i q u e ) .  This d e f e c t  a l s o  may be caused by e x c e s s i v e  r o o t  

opening o r  t o o  small a r o o t  f a c e .  

u s e  of a copper  backup b a r  o r  a weaving t e c h n i q u e  can  h e l p  t o  p r e v e n t  burnthrough.  

I f  t h e  j o i n t  d imensions  canno t  be  changed,  t h e  

Lack of p e n e t r a t i o n  i s  caused by t h e  o p p o s i t e  c o n d i t i o n s  t o  t h o s e  t h a t  cause  

e x c e s s i v e  p e n e t r a t i o n .  The welding c u r r e n t  may b e  t o o  low o r  the t r a v e l  speed t o o  

h igh .  The gun may b e  a t  t o o  large a n  a n g l e  w i t h  t h e  weld j o i n t  ( e i t h e r  backhand 

or fo rehand) .  S t r a i g h t e n i n g  up t h e  gun a n g l e  w i l l  i n c r e a s e  p e n e t r a t i o n .  I n -  

c r e a s e d  r o o t  opening may be  needed. The p o s i t i o n  of the a r c  i n  t h e  weld puddle 

a l s o  w i l l  a f f e c t  p e n e t r a t i o n .  The c l o s e r  t h e  a r c  i s  t o  t h e  f r o n t  of  the puddle ,  

t h e  g r e a t e r  w i l l  be  t h e  amount of p e n e t r a t i o n .  

Over lap  occurs  when t h e  weld metal does  n o t  f u s e  t o  t h e  b a s e  metal a t  t h e  edges 

of  t h e  t o p  s u r f a c e  of  t h e  j o i n t .  Usua l ly ,  i t  i s  caused by c a r r y i n g  a weld puddle 

t h a t  i s  t o o  l a r g e .  Reducing t h e  wi re- feed  speed o r  i n c r e a s i n g  t h e  t r a v e l  speed 

w i l l  h e l p  t o  c o r r e c t  t h i s  problem. Another s o l u t i o n  i s  t o  u s e  a s l i g h t  weave so 

t h a t  the arc w i l l  cover  a l l  areas o f  the  weld j o i n t  where f u s i o n  i s  d e s i r e d .  Keep-  

i n g  the arc a t  the f r o n t  o f  t h e  puddle  w i l l  improve f u s i o n  and reduce  o v e r l a p .  

An u n f i l l e d  groove a l o n g  t h e  edge of  t h e  weld bead is  c a l l e d  undercu t .  D e-  

c r e a s i n g  t h e  travel speed w i l l  h e l p  t o  f i l l  up t h e s e  grooves .  The u s e  of a n  

argon-oxygen s h i e l d i n g- g a s  m i x t u r e  w i l l  r educe  undercu t .  

"Wagon t r a c k s"  may occur  i n  m u l t i p a s s  welding.  It is  t h e  name g i v e n  t o  a 

l i n e  o f  v o i d s  t h a t  are t rapped  a t  t h e  edges  of the u n d e r l y i n g  bead when t h e  subse -  
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quent  bead i s  d e p o s i t e d .  Th i s  d e f e c t  o n l y  shows up on a n  X-ray photograph of 

t h e  j o i n t  when t h e  l i n e  of vo ids  has t h e  appearance of wagon t r a c k s  on a d i r t  

r o a d .  Wagon t r a c k s  c a n  occur  i f  t h e  lower weld bead i s  t o o  h i g h  crowned. The 

u s e  of  argon-oxygen s h i e l d i n g  g a s  w i l l  improve t h e  shape  of t h e  weld bead s u r f a c e .  

Bead shape  a l s o  c a n  be  a l t e r e d  by a d j u s t i n g  t h e  a r c  v o l t a g e  and t r a v e l  speed.  

Care should  b e  used when d e p o s i t i n g  t h e  second pass t o  be  s u r e  t h a t  t h e  arc melts 

t h e  e n t i r e  s u r f a c e  of the u n d e r l y i n g  bead.  

A p p l i c a t i o n s .  S h o r t - c i r c u i t i n g  GMA welding h a s  been used t o  f a b r i -  

cate a 54- inch- long t u r b i n e  bucke t  b l a d e  of Type 410 s t a i n l e s s  s tee l  (Ref. 38). 

Two p i e c e s  of s t a i n l e s s  s tee l  0.030 i n c h  t h i c k  were welded t o g e t h e r  t o  form a 

hol low b l a d e .  The weld a long  t h e  l e a d i n g  edge of  t h e  b l a d e  was a "nose" weld 

w h i l e  t h e  t r a i l i n g  edge weld w a s  a l a p  weld. The welding c o n d i t i o n s  are  g i v e n  

i n  Tab le  X V I I .  

t h i r d  passes used some o s c i l l a t i o n .  The j o i n t s  were p rehea ted  t o  700 F. The 

s h i e l d i n g  gas  w a s  90 p e r c e n t  helium-7.5 p e r c e n t  argon- 2.5  p e r c e n t  carbon d i o x i d e .  

The f i r s t  p a s s  w a s  made w i t h o u t  o s c i l l a t i o n  w h i l e  the second and 

Submerped-Arc Welding. Submerged-arc welding can b e  used w i t h  a l l  

classes o f  s t a i n l e s s  s tee ls .  However, f i l l e r  wires and f l u x e s  are a v a i l a b l e  

f o r  welding o n l y  t h e  common t y p e s  of s t a i n l e s s  s teels .  Chromium-nickel s t a i n -  

less steels t h a t  are f u l l y  a u s t e n i t i c  o r  t h a t  are i n t e n d e d  f o r  prolonged h igh-  

tempera tu re  s e r v i c e  seldom are  submerged-arc welded f o r  m e t a l l u r g i c a l  r easons .  

Submerged-arc welding i s  c h a r a c t e r i z e d  by deep p e n e t r a t i o n  and h i g h  rates 

of weld-metal  d e p o s i t i o n .  This i s  because  t h e  f l u x  a c t s  as a n  i n s u l a t o r  t o  keep 

the welding h e a t  c o n c e n t r a t e d  i n  a r e l a t i v e l y  small area. The deep p e n e t r a t i o n  

t h a t  i s  o b t a i n e d  makes it p o s s i b l e  t o  weld t h i c k  p l a t e s  w i t h  o n l y  a few passes. 

The h i g h  weld-metal  d e p o s i t i o n  rates are  p o s s i b l e  because  h i g h  welding c u r r e n t s  

can  b e  used.  The f l u x  c o n t r o l s  t h e  h i g h- c u r r e n t  arc more e f f e c t i v e l y  t h a n  does 

t h e  gaseous  s h i e l d  used w i t h  o t h e r  a rc- weld ing  p r o c e s s e s .  A s  a r e s u l t  of the 
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TABLE XVII. WELDING CONDITIONS FOR SHORT-CIRCUITING GMA WELDED 
TYPE 410 STAINLESS STEEL TURBINE BLADE ( R e f .  38) 

TfaveI Bead 
Pass Current, Voltage, Speed, Width, 

No. amp volts ipm in. 

L A P  WELD 

I I35 23 16 I /4 
2 I25 23.5 9.5 7/ I6 

3 135 23 4.5 3/4 

NOSE WELD 

I I35 23 16 I /4 
2 125 23.5 9.5 7/16 
3 125 24 7 9/16 
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h i g h- d e p o s i t i o n  rate ,  weld ing  c a n  b e  done more r a p i d l y  t h a n  by GMA, GTA, o r  

s h i e l d e d  metal arc. The combina t ion  of deep p e n e t r a t i o n  and h i g h  weld ing  speed 

'makes submerged-arc weld ing  a v e r y  economical weld ing  p roces s .  

* Submerged-arc weld ing  i s  l i m i t e d  t o  t h e  f l a t  o r  h o r i z o n t a l  p o s i t i o n ,  It 

cannot  be used t o  weld material t h i n n e r  t h a n  abou t  112 i n c h  due t o  i t s  deep 

p e n e t r a t i o n .  This  deep p e n e t r a t i o n  a l s o  makes i t  neces sa ry  t o  back up s i n g l e -  

pass  welds o r  r o o t  p a s s e s  i n  m u l t i p a s s  welds w i t h  a copper  o r  f l u x  backup t o  

p reven t  burn through.  It i s  d i f f i c u l t  t o  t r a c k  t h e  j o i n t  s i n c e  t h e  end of t h e  

e l e c t r o d e  and t h e  arc a r e  b u r i e d  under  t h e  f l u x  and cannot  b e  s e e n  by t h e  

o p e r a t o r .  

I n  t h e  weld ing  of  s t a i n l e s s  s tee l ,  s low c o o l i n g  promotes s e g r e g a t i o n  of 

t h e  a l l o y i n g  e lements  i n  t h e  weld metal. This  means t h a t  some areas of t h e  

weld metal may n o t  c o n t a i n  any f e r r i t e .  

i n  such areas d e c r e a s i n g  t h e  o v e r a l l  d u c t i l i t y  and impact  s t r e n g t h  of t h e  weld 

metal. To e l i m i n a t e  t h i s  problem, t h e  o v e r a l l  composi t ion  of t h e  weld metal 

must b e  a d j u s t e d  t o  p rov ide  a t o t a l  f e r r i t e  c o n t e n t  somewhat h i g h e r  t h a n  r e q u i r e d  

f o r  o t h e r  a rc- weld ing  p r o c e s s e s .  S i n c e  t h e  f e r r i t e  c o n t e n t  of submerged-arc welds 

must b e  r e l a t i v e l y  h i g h ,  t h e  danger  of forming t h e  b r i t t l e  sigma phase  a t  h i g h  

s e r v i c e  t empera tu re s  is  i n c r e a s e d  (Ref.  10,33). Thus, submerged-arc weld ing  i s  

seldom used i f  h igh- tempera tu re  service i s  a n t i c i p a t e d .  The impact  s t r e n g t h  and 

Microcracking  o r  f i s s u r i n g  can  occur  

d u c t i l i t y  a l s o  w i l l  s u f f e r  as a r e s u l t  of  t h e  l a r g e  g r a i n  s i z e  of t h e  weld metal 

and h e a t - a f f e c t e d  zone. Again, t h i s  i s  caused by t h e  s low c o o l i n g  ra tes .  

Another d i sadvan tage  caused by s low c o o l i n g  of  submerged-arc welds i s  t h a t  

it caused s e n s i t i z a t i o n  o r  l o s s  of c o r r o s i o n  r e s i s t a n c e  of  t h e  weld and h e a t -  

a f f e c t e d  zone. I f  t h e  c o r r o s i o n  r e s i s t a n c e  of  t h e  f i n i s h e d  p a r t  i s  o f  impor tance ,  

t h e n  i t  is  neces sa ry  t o  u s e  a low carbon o r  one of t h e  s t a b i l i z e d  types  of  

s t a i n l e s s  steel.  

Submerged-arc welds tend  t o  p i c k  up s i l i c o n  from t h e  f l u x  due t o  r e a c t i o n s  

between t h e  f l u x  and t h e  weld metal as metal t r a n s f e r s  from t h e  e l e c t r o d e  w i r o  t o  
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t h e  weld puddle (Ref.  1 0 , 3 3 ) .  High s i l i c o n  c o n t e n t  a l s o  w i l l  c a u s e  f i s s u r i n g  

which reduces  t h e  impact s t r e n g t h  o f  welds i n  chromium-nickel s t a i n l e s s  steels.  

Equipment. The c h o i c e  of power s u p p l y  depends l a r g e l y  on the work 

t o  be  welded. D-C p e r m i t s  f a s t  arc  s t a r t i n g ,  g i v e s  good c o n t r o l  of  t h e  weld bead - 

shape,  and p r o v i d e s  q u i c k  c u r r e n t  b u i l d u p  a t  t h e  s t a r t  of  the weld which i s  ad-  

vantageous  i f  s h o r t  welds are b e i n g  made. B e s t  c o n t r o l  of the bead shape and 

d e e p e s t  p e n e t r a t i o n  are o b t a i n e d  w i t h  D-C r e v e r s e  p o l a r i t y  ( e l e c t r o d e  p o s i t i v e ) ,  

w h i l e  t h e  h i g h e s t . w e l d i n g  speeds  and s h a l l o w e s t  p e n e t r a t i o n  are o b t a i n e d  w i t h  

D-C s t r a i g h t  p o l a r i t y  ( e l e c t r o d e  n e g a t i v e ) .  The u s e  of A- C  c u r r e n t  p rov ides  a 

d e g r e e  of  p e n e t r a t i o n  i n  between t h a t  o f  D-C s t r a i g h t  and D-C reverse p o l a r i t y .  

A-C c u r r e n t  a l s o  c u t s  down on arc blow ( t h e  swerving of t h e  arc from i t s  normal 

p a t h  due t o  magnet ic  f o r c e s )  which can become a severe problem when v e r y  h i g h  

welding c u r r e n t s  are used.  

The s e l e c t i o n  of t h e  f i l l e r  w i r e  and f l u x  shou ld  go hand- in-hand. I f  a n  

a l l o y  f i l l e r  wire i s  t o  b e  used,  t h e  f l u x  shou ld  be  n e u t r a l .  I f  t h e  a l l o y i n g  

e lements  are t o  be added from t h e  f l u x  (an  a l l o y  f l u x ) ,  t h e n  a mild s tee l  

f i l l e r  w i r e  i s  used.  F i l l e r - w i r e - f l u x  combinat ions  have been developed f o r  

welding t h e  common t y p e s  o f  s t a i n l e s s  steels ( 3 0 4 ,  308 ,  309 ,  316,  347 ,  410 ,  and 

4 3 0 ) .  S i n c e  t h e  problem of f i s s u r i n g  can  become s e r i o u s  when welding s t a i n l e s s  

steels,  t h e  s u p p l i e r  shou ld  always b e  c o n s u l t e d  so  tha t  t h e  f i l l e r  w i r e  and f l u x  

can b e  matched t o  t h e  compos i t ion  of  the s t a i n l e s s  s teel  b a s e  metal t h a t  i s  t o  

b e  welded. 

The c h o i c e  of  f i l l e r  wire o r  f l u x  composi t ion a l s o  w i l l  depend on t h e  

amount: o f  d i l u t i o n  t h a t  i s  expec ted  o f  the  weld metal by mel ted  b a s e  metal. 

D i l u t i o n  is  of  more concern  i n  submerged-arc welding t h a n  i n  o t h e r  t y p e s  of 

arc welding due t o  t h e  g r e a t e r  p e n e t r a t i o n  t h a t  i s  o b t a i n e d .  D i l u t i o n  can  v a r y  

a l l  the way from 10 p e r c e n t  t o  75 p e r c e n t  depending on t h e  d e s i g n  of t h e  j o i n t ,  

F luxes  are a v a i l a b l e  t h a t  are s p e c i f i c a l l y  des igned  f o r  h i g h - d i l u t i o n  welding 

(Ref. 4 4 ) .  Again, t h e  s u p p l i e r  shou ld  b e  c o n s u l t e d  so t h a t  the p roper  composi t ion 
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c a n  b e  s e l e c t e d  f o r  t h e  p a r t i c u l a r  j o i n t  tha t  i s  t o  b e  welded.  

The s i z e  of  f i l l e r  w i r e  used w i l l  depend on t h e  range  of  welding c u r r e n t  

t o  b e  used.  Typ ica l  c u r r e n t  r a n g e s  f o r  d i f f e r e n t  s i z e s  of  w i r e  are shown i n  

T a b l e  XVILI. 

The welding f l u x  i s  a v a i l a b l e  i n  d i f f e r e n t  p a r t i c l e  s i z e s .  The s i z e  t h a t  

i s  used w i l l  depend on t h e  c u r r e n t  used and t h e  composi t ion o f  t h e  f l u x .  The 

manu€acturer’ .s  recommendations shou ld  b e  fo l lowed when s e l e c t i n g  the f l u x  

p a r t i c l e  s i z e .  

J o i n t  Design. Typ ica l  b u t t  and f i l l e t  j o i n t s  are shown i n  F i g u r e  26. 

The d i s t i n g u i s h i n g  f e a t u r e  of j o i n t s  p repared  f o r  submerged-arc welding i s  t h e  

t h i c k  r o o t  f a c e .  The t h i c k  f a c e  i s  r e q u i r e d  t o  accomodate t h e  deep p e n e t r a t i o n  

w i t h o u t  burnthrough.  Sometimes, a t h i n n e r  r o o t  f a c e  i s  used and t h e  r o o t  p a s s  

i s  d e p o s i t e d  by s h i e l d e d  m e t a l - a r c  welding w i t h  t h e  j o i n t  b e i n g  completed by 

submerged-arc welding.  Some o p e r a t o r s  f e e l  t h a t  b e t t e r  c o n t r o l  of p e n e t r a t i o n  

i s  o b t a i n e d  u s i n g  t h i s  t echn ique .  A l a r g e  number of d i f f e r e n t  j o i n t  d e s i g n s  

are p r e s e n t e d  i n  t h e  WeldinP Handbook, F i f t h  E d i t i o n ,  Chapter  28. Most of t h e s e  

a p p l y  t o  carbon s tee l ,  b u t  c a n  a l s o  b e  used w i t h  s t a i n l e s s  s tee l  i f  a f a s t e r  

t r a v e l  speed i s  used t o  compensate f o r  t h e  h i g h e r  d e p o s i t i o n  rate of s t a i n l e s s  

steels.  

Welding Procedures .  S p e c i a l  s t e p s  should  be  t aken  t o  p reven t  burn-  

through when making s i n g l e - p a s s  welds o r  t h e  r o o t  pass i n  m u l t i p a s s  welds .  This 

i s  because  of t h e  deep p e n e t r a t i o n  c h a r a c t e r i s t i c  w i t h  t h i s  p r o c e s s .  Two methods 

have a l r e a d y  been mentioned i n  t h e  s e c t i o n  of j o i n t  d e s i g n .  These w e r e  t o  u s e  

t h i c k  r o o t  f a c e s  o r  t o  make t h e  r o o t  pass by s h i e l d e d  m e t a l - a r c  welding.  ( F i g u r e  2 7 ) .  

Other t echn iques  i n c l u d e  t h e  u s e  of  gooved-copper backup s t r i p s ,  a pad of f l u x  sup-  

p o r t e d  a g a i n s t  the j o i n t  u n d e r s i d e  by i n f l a t e d  f i r e h o s e ,  o r  a s t a i n l e s s  s tee l  

backing s t r i p .  
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TABLE XVIII. CURRENT RANGES FOR VARIOUS SIZES 
OF SUBMERGED-ARC ELECTRODE 

WIRE (REF. 29) 

Wire Current 
Diameter, Range, 

inch amps 
---I- 

3 / 3 2  

118  

5 / 3 2  

3 / 1 6  

114 

120-700 

220-1100 

340- 1200 

400-1300 

600-1600 
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A t 
First pass C ‘1 

Dimensions, inches 

t A 8 C - - 
1/2 I /8 I /4 1/8 
5/ 8 3/ 16 I /4 3/16 
3/4 I /4 I /4 I /4 
7/ 8 5/16 5/ I6 I /4 

Dimension, in ches 
t A - 
518 3/8 1/4 
3/4 I / 2  3/8 
i 5/8 7/16 

I - i/4 3/4 7/ I6 
I -i/2 7/8 7/ I6 

FIGURE 26. TYPICAL VELD J O I N T S  FOR SUBMERGED-ARC WELDING 
OF STAINLESS STEEL ( R e f .  4 5 )  
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Flux backing in expendable tube 
Inflated fire hose 

\-Backing pass 

\Thick root face 

\-Copper backing strip 

FIGURE 27. METHODS OF BACKING THE J O I N T  I N  
SUBMERGED-ARC WELDING TO 
PREVENT BURNTHROUGH 
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S t a r t i n g  the arc i s  more d i f f i c u l t  i n  submerged-arc welding t h a n  i n  GMA 

welding s i n c e  t h e  f l u x  can  p reven t  c o n t a c t  of  t h e  e l e c t r o d e  w i t h  t h e  work. The 

methods most f r e q u e n t l y  used are as f o l l o w s :  

(1) F u s e - b a l l  s t a r t .  P l a c e  a small,  t i g h t l y  r o l l e d  b a l l  of s tee l  wool 

between the e l e c t r o d e  and t h e  work. The e l e c t r o d e  i s  lowered u n t i l  

the b a l l  i s  compressed t o  about  h a l f  i t s  s i z e .  F lux  i s  then  a p p l i e d  

and t h e  welding c u r r e n t  i s  t u r n e d  on. 

( 2 )  Pointed-wire .  The end of t h e  e l e c t r o d e  i s  trimmed t o  a p o i n t  w i t h  

b o l t  c u t t e r s .  The e l e c t r o d e  i s  lowered u n t i l  i t  j u s t  touches  t h e  

work. A f t e r  f l u x  is  a p p l i e d ,  t h e  c u r r e n t  i s  tu rned  on. 

( 3 )  S c r a t c h - s t a r t .  The e l e c t r o d e  i s  lowered u n t i l  i t  touches  t h e  work 

and f l u x  i s  a p p l i e d .  Trave l  of t h e  gun a l o n g  t h e  j o i n t  i s  s t a r t e d  

and then  t h e  c u r r e n t  i s  t u r n e d  on. 

( 4 )  R e t r a c t  s t a r t .  Th i s  method i s  used w i t h  c o n t r o l  systems t h a t  have 

p r o v i s i o n  f o r  r e t r a c t  s t a r t i n g .  The e l e c t r o d e  i s  lowered u n t i l  

i t  touches  t h e  work and then  f l u x  i s  a p p l i e d .  When t h e  c u r r e n t  

i s  t u r n e d  on,  t h e  e l e c t r o d e  r e t r a c t s ,  s t a r t i n g  t h e  a r c .  

(5) High- frequency.  Th i s  t y p e  of s t a r t i n g  r e q u i r e s  a s p e c i a l  h igh-  

frequency s t a r t i n g  equipment a t t a c h e d  t o  t h e  welding c i r c u i t .  

F l u x  i s  a p p l i e d  t o  t h e  j o i n t .  When t h e  c u r r e n t  i s  tu rned  on, t h e  

e l e c t r o d e  moves toward t h e  work. When t h e  end of t h e  e l e c t r o d e  i s  

about  1/16 i n c h  away from t h e  work, a h igh- frequency s p a r k  w i l l  jump 

from t h e  e l e c t r o d e  t o  t h e  work. The welding arc t h e n  w i l l  be  

e s t a b l i s h e d  a long  t h i s  s p a r k  pa th .  

The welding c o n d i t i o n s  t h a t  are  used are similar  t o  t h o s e  t h a t  would b e  

used f o r  welding mild s t e e l .  The c h i e f  e x c e p t i o n  i s  t h a t  t h e  c u r r e n t  f o r  

welding s t a i n l e s s  s t ee l  i s  about  80 p e r c e n t  of t h a t  used f o r  welding mild s teel .  

Typ ica l  c o n d i t i o n s  are  g iven  i n  T a b l e  X I X  f o r  the b u t t  j o i n t s  i l l u s t r a t e d  i n  

F i g u r e  26. 
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TABLE X I X .  CONDITIONS FOR SUBMERGED-ARC WELDING 
BUTT JOINTS OF FIGURE 26 (REF. 4 5 )  

Thick- 
n e s s  

i n .  -- 

218  

112 

5 /  8 

3 / 4  

718 

Wire 
C u r r e n t ,  Vol tage ,  Speed, D i a ,  

Vo l t s  i pm i n  --- --- h P S  --- 

575 32 2 4  3 / 1 6  

900 33 18 3 / 1 6  

900 35 12 114 

950 35 12 114 

1025 35 12 114 

Backing Weld 

Wire 
C u r r e n t ,  Vol tage ,  Speed, D i a ,  

-----I_- -- - -- 

Volts ipm i n  -- h P S  
1----1 

52 5 30 20 3 / 1 6  

700 35 18 3 / 1 6  

700 33 16 3 / 1 6  

700 33 15 114 

7 15  33 15  114 
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Most submerged-arc welding i s  done i n  the f l a t  p o s i t i o n .  S i n c e  the mol ten  

weld puddle  is  l a r g e ,  o n l y  small i n c l i n a t i o n s  o f  the work from t h e  f l a t  p o s i t i o n  

. c a n  b e  t o l e r a t e d  w i t h o u t  c a u s i n g  pronounced changes i n  t h e  bead shape.  I f  

welding i s  done i n  a s l i g h t l y  u p - h i l l  p o s i t i o n ,  the bead w i l l  b e  narrow and 

h i g h l y  crowned. I f  the p a r t  i s  t i p p e d  s o  welding i s  done down- hi l l ,  the bead 

w i l l  be  broad w i t h  a d e p r e s s i o n  i n  i t s  c e n t e r .  The l i m i t s  on p l a t e  i n c l i n a t i o n  

are about  6 degrees  i f  t h e  welding c u r r e n t  i s  below 800 amperes. A t  h i g h e r  

c u r r e n t s ,  even less t i p p i n g  can  be  t o l e r a t e d .  I f  t h e  p a r t  i s  t i p p e d  l a t e r a l l y ,  

t h e  bead w i l l  have  a hump on t h e  down- hi l l  s i d e .  Maximum lateral  t i p p a g e  shou ld  

be no more t h a n  3 d e g r e e s .  (Ref.  4 5 ) .  

When g i r t h  welds are made i n  c y l i n d r i c a l  p a r t s ,  t h e  a r c  i s  o f f s e t  a s h o r t  

d i s t a n c e  from t h e  t o p- c e n t e r  p o s i t i o n  i f  welding i s  b e i n g  done from t h e  o u t s i d e ,  

o r  t h e  bo t tom- cen te r  p o s i t i o n  i f  welding i s  b e i n g  done from t h e  i n s i d e .  This 

i s  done so t h a t  t h e  weld has  a chance t o  s o l i d i f y  b e f o r e  t h e  s l o p e  becomes t o o  

g r e a t .  

Electron-Beam Welding. Electron-beam welding can  be a v e r y  a t t r ac t i ve  

process  f o r  welding s t a i n l e s s  s tee l  p a r t s .  The p r o c e s s  c a n  b e  used f o r  welding 

material w i t h  t h i c k n e s s e s  r a n g i n g  from t h e  f o i l  gages t o  over  2 inches  i n  a s i n g l e  

p a s s .  I n  a d d i t i o n  t o  b e i n g  v e r y  v e r s a t i l e  r e g a r d i n g  material t h i c k n e s s  that c a n  

b e  welded,  e lec t ron- beam welding h a s  two o t h e r  major advan tages :  (1) welding i s  

done i n  a vacuum and ( 2 )  v e r y  narrow welds  are produced.  By welding i n  a vacuum, 

con tamina t ion  from gaseous  i m p u r i t i e s  i s  v i r t u a l l y  n o n- e x i s t e n t .  The vacuum a t -  

mosphere i s  even p u r e r  t h a n  t h e  i n e r t - g a s  atmosphere of GTA o r  GMA welding.  The 

v e r y  narrow welds  t h a t  are produced are s u b j e c t  t o  v e r y  l i t t l e  d i s t o r t i o n  o r  

warpage. 

The requ i rement  f o r  welding i n  a vacuum is  a l s o  one o f  t h e  c h i e f  d isadvan-  

t a g e s  of e lec t ron- beam welding.  All t h e  p a r t s  be ing  welded must b e  p laced  i n  a 

vacuum chamber. The chamber s i z e  t h u s  l i m i t s  t h e  s i z e  and shape of  t h e  p a r t s  

be ing  welded. Movement of the p a r t s  d u r i n g  welding and o b s e r v a t i o n  of  t h e  weld- 
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i n g  o p e r a t i o n  a l s o  are h i n d e r e d  by t h e  vacuum chamber. Loading and un load ing  p a r t s  

from t h e  chamber and pumping t h e  vacuum on the chamber a f t e r  each  l o a d i n g  opera-  

t i o n  i s  t i m e  consuming. A s  a r e s u l t ,  p r o d u c t i o n  rates f o r  e lec t ron- beam welding 

are q u i t e  low. 

problem and work c u r r e n t l y  i s  under way t o  develop llout-of-vacuum" e l e c t r o n -  

S l i d i n g  vacuum chambers have been developed t o  a l lev ia te  t h i s  

beam welding.  

The o t h e r  major d i s a d v a n t a g e  o f  e lec t ron- beam welding i s  the c o s t  of  the 

equipment. Electron-beam welding equipment i s  expensive .  Unless t h e  s p e c i a l  

c h a r a c t e r i s t i c s  of  e lec t ron- beam welding are r e q u i r e d ,  i t  i s  cheaper  and u s u a l l y  

q u i c k e r  and easier t o  u s e  one of t h e  more c o n v e n t i o n a l  welding p r o c e s s e s .  

Electron-beam welding equipment i s  c l a s s e d  as e i the rh igh- power  d e n s i t y  o r  

low-power d e n s i t y .  Only t h e  h igh-power- densi ty  equipment i s  c a p a b l e  o f  producing 

deep narrow welds .  Low-power-density equipment w a s  produced i n  t h e  e a r l y  days  of  

e lec t ron- beam welding development,  b u t  as f a r  as i s  known, no low-power-density 

equipment i s  b e i n g  produced c u r r e n t l y .  However, such equipment s t i l l  ex i s t s  and 

may be  used o c c a s i o n a l l y  by some f a b r i c a t o r s .  

High-power-density equipment may b e  f u r t h e r  subd iv ided  i n t o  low- vol tage  and 

h i g h- v o l t a g e  classes. 

by u s i n g  a "low" a c c e l e r a t i n g  v o l t a g e  and h i g h  beam c u r r e n t s .  

I n  low- vol tage  equipment,  t h e  h i g h  welding power i s  ach ieved  

Maximum v o l t a g e  ob- 

t a i n a b l e  on such  equipment normal ly  i s  around 30 kv a l t h o u g h  some 60 kv equipment 

i s  now b e i n g  produced. The 60 kv equipment r e a l l y  should  b e  c l a s s e d  as medium- 

v o l t a g e  equipment. The h i g h- v o l t a g e  equipment u s e s  a c c e l e r a t i n g  v o l t a g e s  as 

'nigh as 150 kv i n  c o n j u n c t i o n  w i t h  low-beam c u r r e n t s .  

There  are advantages  and d i s a d v a n t a g e s  t o  b o t h  h igh-  and low-vol tage  e l e c t r o n -  

beam welding.  The p r o c e s s  t h a t  i s  used depends on t h e  needs of  the p a r t i c u l a r  

f a b r i c a t o r .  An a lmos t  e q u a l  number of h i g h-  and low- vol tage  we lders  have been 

produced and are i n  u s e  i n  t h e  Uni ted  S t a t e s  (Ref. 4 6 ) .  

110 



I n  g e n e r a l ,  h i g h e r  power can  b e  ach ieved  w i t h  the low- and medium-voltage 

equipment. Most equipment of t h e s e  classes have power r a t i n g s  i n  t h e  r a n g e  of 

9 t o  15 kw, a l t h o u g h  a 60 kw medium-voltage we lder  h a s  been produced (Ref.  47) .  

The h i g h- v o l t a g e  we lders  u s u a l l y  have power r a t i n g s  i n  t h e  3 t o  6 kw range.  

The r e s u l t s  o b t a i n a b l e  w i t h  b o t h  t h e  h igh-  and low-vol tage  high- power- densi ty  

we lders  are comparable.  Weld j o i n t  shape produced by b o t h  classes i s  comparable.  

The low-vol tage  we lders  have s l i g h t l y  g r e a t e r  p e n e t r a t i n g  a b i l i t y  due t o  t h e i r  

g e n e r a l l y  h i g h e r  power r a t i n g s .  The 60 kw welder  i s  c la imed t o  be  c a p a b l e  of 

p e n e t r a t i n g  9- inch  aluminum p l a t e  i n  a s i n g l e  pass. The h i g h- v o l t a g e  we lders  

g e n e r a l l y  are b e t t e r  s u i t e d  f o r  welding t h i n  material and small pa r t s .  Th i s  i s  

because  t h e  beam c a n  be  a c c u r a t e l y  focused t o  a s m a l l e r  d iamete r  t h a n  t h e  low- 

v o l t a g e  beam. High- vo l t age  we lders  are equipped w i t h  o p t i c a l  v iewing d e v i c e s  t h a t  

e n a b l e  t h e  o p e r a t o r  co obse rve  t h e  welding o p e r a t i o n .  The h i g h- v o l t a g e  e l e c t r o n  

beam h a s  a g r e a t e r  dep th- of- focus  t h a n  a low-vol tage  beam. This means t h a t  the 

p a r t  can  b e  l o c a t e d  f u r t h e r  from t h e  gun,  up t o  24 i n c h e s  away. I n  low- vol tage  

welding,  t h e  p a r t  must b e  abou t  3 t o  6 i n c h e s  from t h e  gun. However, r e c e n t  

advances i n  equipment d e s i g n  p e r m i t  p a r t s  t o  b e  welded a t  g r e a t e r  d i s t a n c e s  from 

t h e  gun. Changes i n  shape of t h e  p a r t  do no t  a f f e c t  t h e  welding o p e r a t i o n  i n  h igh-  

v o l t a g e  welding whi le  t h e  beam must b e  re focused  when welding v a r i a b l e  shape  

par ts  i n  low-vol tage  welding.  

Welding Procedures .  Welding Procedures  used i n  e lec t ron- beam welding 

are dependent on material t h i c k n e s s  and t h e  type  of e l e c t r o n  gun b e i n g  used.  For  

a g iven  t h i c k n e s s  of material, v a r i o u s  combinat ions  of  a c c e l e r a t i n g  v o l t a g e ,  beam 

c u r r e n t ,  and t r a v e l  speed are s a t i s f a c t o r y .  I n  e lec t ron- beam welding,  t h e  e l e c -  

t r i c a l  pa ramete r s  do n o t  a d e q u a t e l y  d e s c r i b e  t h e  h e a t - i n p u t  c h a r a c t e r i s t i c s  of the 

beam s i n c e  t h e s e  c h a r a c t e r i s t i c s  are  a f f e c t e d  s i g n i f i c a n t l y  by t h e  focus  of  t h e  

beam. Measurements of beam d iamete r  are d i f f i c u l t  t o  make under p r o d u c t i o n  cond i -  
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t i o n s  so t h a t  t h e  t r a n s f e r  of  welding parameters between d i f f e r e n t  equipment 

u n i t s  i s  v e r y  d i f f i c u l t .  F o r t u n a t e l y ,  s u i t a b l e  welding parameters c a n  g e n e r a l l y  ~ 

be  developed on a g i v e n  p i e c e  of equipment w i t h  o n l y  a v e r y  few t r ia ls .  

I n  v e r y  t h i c k  material ,  t h e  f i r s t  pass  made t o  comple te ly  p e n e t r a t e  t h e  j o i n t  

sometimes i s  undercu t  a long  b o t h  edges o f  t h e  weld metal. This  u n d e r c u t t i n g  can  

b e  e l i m i n a t e d  by a second weld pass  made a t  somewhat lower energy l e v e l s  w i t h  a 

s l i g h t l y  defocused beam, However, u n d e r c u t t i n g  f r e q u e n t l y  can  b e  reduced by 

making minor ad jus tments  i n  t r a v e l  ra te .  The u n d e r s i d e  of  e l ec t ron- beam welds 

a l s o  may e x h i b i t  a n  u n d e s i r a b l e  con tour .  Some t y p e  of  metal- removal o p e r a t i o n  

i s  g e n e r a l l y  r e q u i r e d  t o  produce a n  a c c e p t a b l e  u n d e r s i d e  con tour .  

The f l a t  welding p o s i t i o n  u s u a l l y  i s  used i n  e lec t ron- beam welding.  The 

welding p o s i t i o n s  t h a t  can  be  used are l i m i t e d  by the v e r s a t i l i t y  o f  t h e  a v a i l a b l e  

welding equipment.  T a b l e  XX shows some of  the  welding c o n d i t i o n s  t h a t  have been 

used i n  t h e  e lec t ron- beam welding of  s t a i n l e s s  s teels .  

A p p l i c a t i o n s .  Aero je t- Genera l  Corpora t ion  used low-vol tage  e l e c t r o n -  

beam welding t o  f a b r i c a t e  s p h e r i c a l  p r e s s u r e  v e s s e l s  from Type 410 s t a i n l e s s  

s t ee l  (Ref.  4 8 ) .  These s p h e r e s  were made of  two hemispheres e lec t ron- beam welded 

t o g e t h e r .  The s p h e r e s  were abou t  1 2  inches  i n  d i a m e t e r  w i t h  0 .080- inch- th ick  

w a l l .  The hemispheres  were heat t r e a t e d  p r i o r  t o  welding.  B u r s t  t e s t i n g  of t h e  

as-welded s p h e r e s  i n d i c a t e d  t h a t  f a i l u r e s  i n i t i a t e d  i n  t h e  b a s e  metal w e l l  away from 

t h e  weld j o i n t .  

Electron-beam welding h a s  been used t o  f a b r i c a t e  a v a r i e t y  of honeycomb 

s t r u c t u r e s  (Ref.  4 6 , 4 9 ) .  Electron-beam welding i s  w e l l  s u i t e d  f o r  t h i s  a p p l i c a -  

t i o n  as t h e  c l o s e  c o n t r o l  of welding parameters  needed f o r  welding t h i n  sheet i s  

r e a d i l y  o b t a i n e d .  A t y p i c a l  panel  i s  shown i n  F i g u r e  28. The c o r e  s t r u c t u r e  

i s  made from t h i n  s t a i n l e s s  s tee l  s h e e t  formed t o  a s i n e  wave c o n f i g u r a t i o n .  The 

cover  s h e e t s  are  e lec t ron- beam welded t o  t h e  nodes of t h e  c o r e  s h e e t  by t h e  burn-  

through t echn ique .  
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TABLE XX. TYPICAL ELECTRON-BEAM WELDING CONDITIONS FOR 
STAINLESS STEEL 

Beam Beam Travel 
Thickness, Vo 1 tag e , Current , Speed, 

Materia 1 inch kV ma i nrn Refe.re.ncr 

1 

' 304 0.5 30 125 30 50 

3 04 

3 04 

3 04 

3 04 

304 

3 04 

3 04 

18 -8 

18-8 

18 -8 

3 04 

3 04L 

0.5 

0.5 

0.25 

0.062 

0.0185 

0.125 

2 

0 . 1  

0.2 

0.8 

0.049 

0.5 

30 

30 

%5 

16 

1 2  

23 

30 

100 

150 

150 

140 

150 

130 

100 

85 

30 

22 

50 

5 00 

10 

10 

10 

20.0 

17.5 

30 

20 

22 

20 

70 

22 

10 

80 

90 

6 

494 

34 

50 

50 

50 

50 

50 

50 

51  

52 

52 

52 

52 

52 
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Another a p p l i c a t i o n ,  i l l u s t r a t e d  i n  F i g u r e  29,  i s  a s t a i n l e s s  s tee l  f i l t e r  

assembly (Ref. 46,491. A r i b b e d ,  porous f i l t e r  body h a s  been  e lec t ron- beam welded 

t o  s o l i d  s t a i n l e s s  s tee l  end f l a n g e s .  

R e s i s t a n c e  Spot  Welding. A l l  of  t h e  h e a t  r e q u i r e d  t o  accompl ish  j o i n i n g  

by r e s i s t a n c e  s p o t  weld ing  i s  s u p p l i e d  by t h e  pas sage  of  a n  e lec t r ic  c u r r e n t  between 

two opposing e l e c t r o d e  t i p s  t h a t  c o n t a c t  t h e  s u r f a c e s  of t h e  par ts  t o  b e  j o i n e d .  

This r e s i s t a n c e  h e a t i n g  melts a l o c a l i z e d  volume of metal a t  t h e  s h e e t - t o- s h e e t  

i n t e r f a c e  r e g i o n .  The molten nugget  of  metal s o l i d i f i e s  t o  form t h e  weld. 

A l l  t h r e e  c l a s s e s  of s t a i n l e s s  s tee l  c a n  b e  r e s i s t a n c e  s p o t  welded. The 

a u s t e n i t i c  chromium-nickel s t a i n l e s s  are  e s p e c i a l l y  ea sy  t o  s p o t  weld w i t h  t h e  

welds be ing  tough and d u c t i l e .  S i n c e  s p o t  welds c o o l  a t  a r a p i d  ra te ,  t h e  loss 

of c o r r o s i o n  r e s i s t a n c e  by s low c o o l i n g  i s  minimized. Spot  welds i n  t h e  f e r r i t i c  

chromium s t a i n l e s s  s teels  have a tendency t o  b e  b r i t t l e .  Thus, i f  good j o i n t  

d u c t i l i t y  i s  r e q u i r e d ,  s p o t  weld ing  o f  t h e  f e r r i t i c  s t a i n l e s s  steels i s  no t  recom- 

mended. S p e c i a l  t echn iques  are r e q u i r e d  f o r  s p o t  weld ing  t h e  ha rdenab le  chromium 

s t a i n l e s s  s teels .  Spot  welds i n  t h e s e  s teels  harden  on c o o l i n g  and are v e r y  ha rd  

and b r i t t l e .  

b r i t t l e n e s s  by h e a t i n g  t h e  p a r t s  i n  a f u r n a c e  o r  g i v i n g  t h e  welds a second p u l s e  

of  c u r r e n t  immediately a f t e r  t h e  weld c o o l s .  

Welds i n  t h e s e  s teels  must b e  tempered a f t e r  wel'ding t o  r educe  

Spot  weld ing  can  b e  used o n l y  t o  make l a p  j o i n t s .  The maximum t h i c k n e s s  of  

s t a i n l e s s  steel t h a t  c a n  b e  welded i s  abou t  318 i nch .  The s p o t  welded j o i n t  i s  

n o t  l e a k t i g h t  and may have  poor f a t i g u e  s t r e n g t h .  S i n c e  s p o t  welds coo l  r a p i d l y ,  

t h e r e  is  l i t t l e  problem w i t h  l o s s  of  c o r r o s i o n  r e s i s t a n c e  due t o  s low c o o l i n g .  

However, t h e  spot-welded j o i n t  h a s  a b u i l t - i n  c r e v i c e  su r round ing  each i n d i v i d u a l  

weld t h a t  may cause  t h e  j o i n t  t o  c o r r o d e  r a p i d l y  i n  c e r t a i n  c o r r o s i v e  env i ron-  

ments.  
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Equipment. S t a i n l e s s  s tee l s  are welded u s i n g  conven t iona l  r e s i s t a n c e  

Spot welding equipment normal ly  p rov ides  a c c u r a t e  c o n t r o l  sppt-welding equipment. 

over  t h e  b a s i c  spot-welding pa ramete r s :  weld c u r r e n t ,  weld t i m e ,  and e l e c t r o d e  

f o r c e .  Each of  t h e s e  pa ramete r s  may v a r y  t o  a c e r t a i n  d e g r e e  w i t h o u t  a p p r e c i a b l y  

reduc ing  weld q u a l i t y .  It i s ,  however, d e s i r a b l e  t o  have enough c o n t r o l  over  t h e  

parameters  t o  o b t a i n  r e p r o d u c i b l e  r e s u l t s ,  once t h e  optimum s e t t i n g s  are o b t a i n e d  

f o r  a g i v e n  a p p l i c a t i o n .  Because of t h e  h i g h e r  e l e c t r o d e  f o r c e s  r e q u i r e d  f o r  

welding s t a i n l e s s  s t e e l ,  the l a r g e r  p r e s s - t y p e  machines are p r e f e r r e d .  

RWMA Class 2 o r  3 e l e c t r o d e s  u s u a l l y  are used f o r  s p o t  welding s t a i n l e s s  s tee l .  

However, i f  v e r y  h i g h  p r e s s u r e s  o r  h i g h  e l e c t r o d e  t empera tu res  are a n t i c i p a t e d ,  a 

Class 11 e l e c t r o d e  shou ld  be  used.  I n t e r n a l  water c o o l i n g  i s  recommended t o  i m -  

prove t i p  l i f e .  Both f l a t  f a c e  and spherical  r a d i u s  t i p  geomet r i e s  are used.  

Welding Procedures .  I n  g e n e r a l ,  t h e  s p o t  welding of chromium-nickel 

s t a i n l e s s  s tee l  i s  s imi lar  t o  t h a t  of carbon s t ee l .  However, some changes i n  

welding c o n d i t i o n s  are r e q u i r e d  t o  compensate f o r  t h e  d i f f e r e n t  thermal  and 

e l e c t r i c a l  c h a r a c t e r i s t i c s  of  s t a i n l e s s  s tee l .  Recommended c o n d i t i o n s  are  g iven  

i n  T a b l e  XXI. 

The minimum s h e e t  o v e r l a p  g i v e n  i n  t h e  t a b l e  of  c o n d i t i o n s  i n s u r e s  a f l a t ,  

uniform c o n t r a c t  between t h e  two s h e e t s .  I f  t h e  o v e r l a p  i s  less,  t h e  s h e e t s  may 

n o t  c o n t a c t  each o t h e r  even ly  a t  t h e  s p o t  where welding i s  t o  t a k e  p l a c e ,  c a u s i n g  

poor welds.  

r e n t  w i l l  be shunted th rough  t h e  p r e v i o u s l y  made welds .  This s h u n t i n g  reduces  

t h e  amount of c u r r e n t  a v a i l a b l e  t o  make t h e  weld. 

i s  fo l lowed ,  s h u n t i n g  of t h e  c u r r e n t  w i l l  no t  become a problem. 

When a series of s p o t  welds i s  b e i n g  made, some of t h e  welding c u r -  

I f  the minimum j o i n t  spac ing  

The c u r r e n t  r e q u i r e d  f o r  s p o t  welding s t a i n l e s s  s tee l  i s  lower than  t h a t  used 

f o r  carbon s tee l ,  due t o  t h e  h i g h e r  e lec t r ica l  r e s i s t a n c e  of s t a i n l e s s  s teel .  Also ,  
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TABLE XXI. RECOMMENDED CONDITIONS FOR RESISTANCE SPOT 
WELDING STAINLESS STEELS (REF. 53) 

"V . c- . 
I. TYPES OF STEEL-301,302,303,304,30~,309.3l0,316,317,321.347 AND 349 
2 MATERCAL SHOULD BE FREE FROM SCALE OXIDES PAINT GREASE AND OIL i WELDING CONDITIONS DETERMINED B Y  THICKNESS 6 F  THINNEST OUTSIDE PIECE -1' 
4.DATA FOR TOTAL THICKNESS OF PILE-UP NOT EXCEEDING 4"T". MAXIMUM RATIO BETWEEN TWO THICKNESSES 3101 
5.ELECTRODE MATERIAL, CLASS 2 I CLASS 3 OR CLASS I 1  

MINIMUM CONDUCTIVITY - 75Oh 45% 30% OF COPPE? 
MINIMUM HARDNESS - 75 95 9BROCKWELL B 

6:UINIMUM WELD SPACING IS THAT SPACING FOR TWO PIECES F W  WHICH NOSPECIAL PRECAUTIONS NEED BE TAKEN TO COMPENSATE FOR 
SHUNTED CURRENT EFFECT OF ADJACENT WELDS. FOR THREE PIECES INCREASE SPACING 30 PER CENr 
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t h e  weld ing  time i s  s h o r t e r  t h a n  would b e  used f o r  carbon steels because  of  t h e  

lower h e a t  c o n d u c t i v i t y  of s t a i n l e s s  s tee l .  S i n c e  t h e  c u r r e n t  i s  lower and t h e  

- t i m e  i s  s h o r t e r ,  more a c c u r a t e  c o n t r o l  of  t h e  c u r r e n t  and t i m e  i s  r e q u i r e d  when 

welding s t a i n l e s s  s tee l  t h a n  carbon steel.  The weld t i m e  should  b e  a c c u r a t e  t o  

- w i t h i n  one c y c l e .  

Squeeze t i m e  can  b e  v e r y  s h o r t .  A l l  t h a t  i s  neces sa ry  i s  t o  b e  s u r e  t h a t  

t h e r e  i s  enough t i m e  f o r  t h e  weld ing  p r e s s u r e  t o  b e  f u l l y  a p p l i e d .  Squeeze t i m e  

of  30 c y c l e s  i s  recommended. Hold t i m e  should  b e  30  c y c l e s  f o r  t h i n  s t a i n l e s s  

s tee l .  This  w i l l  a l l o w  t h e  weld t o  c o o l  enough so t h a t  there w i l l  b e  no l o s s  

o f  c o r r o s i o n  r e s i s t a n c e .  A s  t h e  material be ing  welded becomes t h i c k e r ,  t h e  ho ld  

t i m e  should  b e  lengthened .  For  s t a i n l e s s  s t e e l  1/8 i n c h  t h i c k ,  t h e  ho ld  t i m e  

should b e  i n c r e a s e d  t o  60 c y c l e s .  

S t a i n l e s s  s teel  r e t a i n s  i t s  s t r e n g t h  a t  much h i g h e r  t empera tu re s  t h a n  does 

carbon steel.  For  t h i s  r e a s o n ,  h i g h e r  weld ing  p r e s s u r e s  are r e q u i r e d  f o r  s p o t  

welding s t a i n l e s s  s teel .  

When weld ing  t h e  f e r r i t i c  chromium s t a i n l e s s  s teels ,  t h e  c u r r e n t  should  b e  

i n c r e a s e d  s l i g h t l y  because t h e s e  steels have  a lower e lec t r ica l  r e s i s t a n c e  t h a n  

t h e  chromium-nickel s t a i n l e s s  s tee l s .  Spot  welding of  ha rdenab le  chromium t y p e s  

r e q u i r e s  a second p u l s e  of  c u r r e n t  t o  temper t h e  weld. S p e c i f i c  recommended 

p r a c t i c e s  f o r  s p o t  weld ing  t h e  ha rdenab le  t ypes  have no t  been compiled. However, 

t h e  p r a c t i c e s  used f o r  s p o t  weld ing  ha rdenab le  low- al loy  s teels  can  b e  used as a 

f i r s t  approximat  ion .  

A p p l i c a t i o n s .  The Centaur  missile i s  f a b r i c a t e d  from t h i n  s h e e t s  o f  

c o l d - r o l l e d  Type 301 a u s t e n i t i c  s t a i n l e s s  steel j o i n e d  by r e s i s t a n c e  s p o t  welding.  

The u s e  o f  l i q u i d  hydrogen f u e l  i n  th i s  missile d i c t a t e s  t h e  need f o r  good s p o t -  

weld s t r e n g t h  a t  a t empera tu re  of -423 F. General Dynamics-Convair found t h a t  

t h e  c r o s s - t e n s i o n  s t r e n g t h s  o f  s p o t  welds i n  Type 301 s t a i n l e s s  s tee l  dropped o f f  

about  80 p e r c e n t  a t  -423 F as a r e s u l t  of c a r b i d e  p r e c i p i t a t i o n  i n  t h e  weld (Ref. 

5 4 , 5 5 ) .  The weld ing  procedures  w e r e  modi f ied  t o  i n c l u d e  a p i e c e  of  n i c k e l  f o i l  
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between t h e  two p i e c e s  of s t a i n l e s s  s teel  be ing  welded. The welds made through 

t h i s  "sandwich" had i n c r e a s e d  n i c k e l  c o n t e n t  and were n o t  s u b j e c t  t o  c a r b i d e  

p r e c i p i t a t i o n .  The optimum t h i c k n e s s  of n i c k e l  f o i l  w a s  0.003 inch .  R e s i s t a n c e  

s p o t  welds i n  0.011 and 0 .016- inch- th ick  Type 301 s t a i n l e s s  s teel  showed a n  i n -  

crease i n  c r o s s - t e n s i o n  s t r e n g t h  of  abou t  100 p e r c e n t  and i n  s h e a r  s t r e n g t h  of  

60 t o  70 p e r c e n t  a t  -423 F when t h e  n i c k e l  f o i l  w a s  used. S t r e n g t h  v a l u e s  f o r  t h e s e  

welds are  l i s t e d  i n  Tab le  XXII. The u s e  of n i c k e l  f o i l  a l s o  improved the t e n s i l e  

s t r e n g t h  of  r e s i s t a n c e  seam welds.  I n c r e a s e  i n  s t r e n g t h  a t  -423 F w a s  50  t o  70 

p e r c e n t .  

This  t echn ique  w a s  a p p l i e d  t o  t h e  f a b r i c a t i o n  of s imu la t ed  missile tankage  

weld j o i n t s .  These s imu la t ed  j o i n t s  had t h e  same d e s i g n  as a c t u a l  j o i n t s  i n  t h e  

Atlas and Centauer  missiles. The two s h e e t s  of c o l d - r o l l e d  s t a i n l e s s  s tee l  were 

b u t t  welded t o g e t h e r  by GTA weld ing  and t h e n  r o l l - p l a n i s h e d  t o  co ld  work t h e  weld 

metal t o  t h e  same ha rdness  and s t r e n g t h  level as t h e  b a s e  metal. The j o i n t  was 

t h e n  r e i n f o r c e d  w i t h  a 4- inch-wide doub le r  of s t a i n l e s s  s tee l  of  t h e  same t h i c k n e s  

as t h e  b a s e  metal. The doub le r  was a t t a c h e d  t o  t h e  b a s e  metal w i t h  f o u r  s t a g g e r e d  

rows o f  r e s i s t a n c e  s p o t  welds.  

t h e  i n c l u s i o n  of  0 .003- inch- th ick  n i c k e l  f o i l .  The s imu la t ed  j o i n t s  were t e s t e d  

b o t h  i n  s t a t i c  and f a t i g u e  t e n s i o n .  J o i n t s  made w i t h  t h e  n i c k e l  f o i l  w i th s tood  up 

t o  4000 c y c l e s  of 0 t o  140,000 p s i  t e n s i l e  stress wi thou t  deve lop ing  c r a c k s .  With- 

The s p o t  welds were made b o t h  w i t h  and w i t h o u t  

o u t  t h e  n i c k e l  f o i l ,  c r a c k s  developed between 200 and 300 c y c l e s .  The s t a t i c  

t e n s i l e  s t r e n g t h  of a j o i n t  t h a t  had undergone 2300 f a t i g u e  c y c l e s  w a s  about  

300,000 p s i .  

F i g u r e  30 i l l u s t r a t e s  t h e  equipment used i n  r e s i s t a n c e - s p o t  weld ing  d o u b l e r s  

and a t t achmen t s  t o  t h e  s t a i n l e s s  steel s k i n  of  A t l a s  and Centaur  missiles. 

A s  mentioned p r e v i o u s l y ,  t h e  ha rdenab le  s t a i n l e s s  steels r e q u i r e  s p e c i a l  

The expanded u s e  of  Type 422 s t a i n l e s s  steel i n  a i r c r a f t  weld ing  t echn iques .  

a p p l i c a t i o n s  prompted a d e t a i l e d  s t u d y  of  t h e  r e s i s t a n c e  s p o t  weld ing  c h a r a c t e r i s -  

t i c s  o f  t h i s  a l l o y  (Ref. 56 ) .  Welds were made i n  s h e e t  0.007-, 0.015- , and 0.022- 

i n c h  t h i c k .  The recommended weld ing  c o n d i t i o n s  r e s u l t i n g  from t h i s  s t u d y  are 
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TABLE XXII. STRENGTHS OF RESISTANCE SPOT WELDS I N  TYPE 
301 STAINLESS STEEL MADE WITH AND WITHOUT 
NICKEL FOIL (REF. 5 5 )  

Cross- ten  i I 

S tr e ng t h  , fa? (a) 
#ase Metal Nickel  F o i l  Tes t  Shear  
'hickness,  Thickness,  Temperature, S t r e n g t h ,  

i nch  i n c h  F l b  l b  

0.011 No ne 75 390 213 
0 .003 75 371 209 
0.005 75 361 212 

None 
0.003 
0.005 

0 .016 N o  ne 
0.003 
0 .005  

-423 
-423 
-423 

75 
75 
75 

None -423 
0.003 -423 
0.005 -423 

379 
615 
580 

65 2 
54 7 
545 

487 
865 
846 

65 
13 1 
134  

354 
'361 
35 6 

78 
149 
168 

( a )  Average of t e n  t e s t s .  
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FIGURE 30. RE3ISTANCE-SPOT WELDING ATTACHMENTS TO 
STAINLESS STEEL MISSILE SKIN 

(Courtesy Convair  D iv i s ion ,  
General Dynamics Corpora t ion)  
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g i v e n  i n  T a b l e  XXIII. S t r e n g t h  p r o p e r t i e s  of the welds  are l i s t e d  i n  T a b l e  XXIV. 

S e v e r a l  p r e c a u t i o n s  shou ld  b e  observed i n  welding Type 4 2 2  s t a i n l e s s  steel.  

. These are: (1) c l o s e  c o n t r o l  o f  welding c o n d i t i o n s  i s  r e q u i r e d  so t h a t  t h e  

optimum h e a t  c y c l e  of  t h e  weld j o i n t  is  o b t a i n e d ,  (2 )  material should  r e c e i v e  a 

uniform s u r f a c e  t r e a t m e n t  so s u r f a c e  r e s i s t a n c e  and s u r f a c e  h e a t  l o s s  i s  uniform 

f o r  a l l  welds,  ( 3 )  welding should  b e  done o n l y  on machines des igned  t o  o p e r a t e  

a t  the e s t a b l i s h e d  optimum c o n d i t i o n s .  E i t h e r  f u r n a c e  o r  machine tempering pro-  

duces s a t i s f a c t o r y  s t r e n g t h  p r o p e r t i e s .  However, i n  machine tempering,  c l o s e  

c o n t r o l  of t h e  temper ing c u r r e n t  i s  r e q u i r e d .  Welds i n  Type 4 2 2  s t a i n l e s s  s tee l  

shou ld  m e e t  the f o l l o w i n g  c r i t e r i a :  

(1) No f u s i o n  zone p o r o s i t y  o r  c r a c k i n g  

(2)  Fus ion  zone p e n e t r a t i o n  shou ld  b e  30-80 p e r c e n t  of t o t a l  sheet 

t h i c k n e s s  

( 3 )  Less  than  5 p e r c e n t  s h e e t  i n d e n t a t i o n  o r  10 p e r c e n t  s h e e t  s e p a r a t i o n .  

P r o j e c t i o n  Welding. P r o j e c t i o n  welding i s  a m o d i f i c a t i o n  of r e s i s t a n c e -  

s p o t  welding.  I n  s p o t  welding,  t h e  p o i n t  of  c u r r e n t  f low i s  determined by t h e  

s i z e  and shape  of t h e  c o n t a c t i n g  e l e c t r o d e .  I n  p r o j e c t i o n  welding,  t h e  p o i n t  of 

c u r r e n t  f low i s  c o n t r o l l e d  by p r o j e c t i o n s  o r  embossments on one o r  b o t h  of t h e  

p a r t s  b e i n g  welded. The s i z e  of  t h e  e l e c t r o d e  h a s  no e f f e c t  on t h e  l o c a t i o n  of 

c u r r e n t  and h e a t  c o n c e n t r a t i o n .  

P r o j e c t i o n  welding i s  used mainly  f o r  welding stamped o r  punched pa r t s .  

The p r o j e c t i o n s  on such p a r t s  can  b e  formed d u r i n g  t h e  punching o r  stamping 

o p e r a t i o n .  It is  a l s o  used f o r  a t t a c h i n g  machined p a r t s  such  as screws o r  

s t u d s  t o  sheet. The p r o j e c t i o n s  are machined on these f i t t i n g s .  

Recommended c o n d i t i o n s  f o r  p r o j e c t i o n  welding of s t a i n l e s s  s tee l  are g i v e n  

i n  T a b l e  XXV. The welding c u r r e n t  i s  a l i t t l e  lower t h a n  would be  used f o r  making 
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TABLE XXIII .. RECOMMENDED CONDITIONS FOR RESISTANCE-SPOT 
WELDING TYPE 422 STAINLESS STEEL (REF. 5 6 )  

T i m e ,  p e r c e n t  of 

0.022 114 6 8 600 4000 30 8 70 
(3700- 4500)  ( 5 5 - 7 5 )  

0.015 3 / 1 6  6 5 5 00 3 700 30 5 80 
(3400- 4000)  ( 7 1 - 8 6 )  

0.007 5 / 3 2  6 4 400 3000 30 6 80 
(2800- 3300)  ( 7 5- 8 4 . 5 )  

( a )  RWMA Class I11 e l e c t r o d e s  
( b )  C h i l l  t i m e  i s  not  n e c e s s a r i l y  optimum v a l u e  b u t  i n s u r e s  t h a t  weld zone i s  a t  

room tempera tu re  b e f o r e  tempering.  
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TABLE XXIV. STRENGTH PROPERTIES OF RESISTANCE-SPOT WELDS I N  
TYPE 422 STAINLESS STEEL (REF. 5 6 )  

Tension-  
Shee t  Shear  Cross-Tension D u c t i l i t y  Weld 

Thickness,  S t r e n g t h ,  S t r e n g t h ,  R a t i o ,  Diameter, P e n e t r a t i o n  
i n c h  Cond i t i on  l b  l b  p e r c e n t  i n c h  p e r c e n t  

0.022 Furnace  tempered 1240 
(1140- 1370)  

Machine tempered 1250 
(1080- 1340)  

0.015 Furnace  tempered 790 
(730- 800)  

Machine tempered 840 
(706- 872)  

0.007 Furnace  tempered 295 
(275- 325)  

Machine tempered 3 05 
(285 - 330)  

2 90 23.4 0.130 60 
(250- 320)  

300 24.0 0.130 60 
(240- 350)  

175 22 .1  0.090 65 
(166- 175)  

200 23.8 0.090 65 
(126- 326)  

5 0  17 .0  0.060 55 
( 3 5- 6 5 )  

70 22.9 0.060 55 
( 5 7 - 7 0 )  
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TABLE XXV. RECOMMENDED CONDITIONS FOR PROJECTION 
WELDING STAINLESS STEEL (REF. 5 3 )  

NOTES: 

1. fYpes 
5. Tolerance of diameter D i s  50.003 in. up to 0.050 in. 

thickness and 50 007 in. UP to 0.125 in.. incluswe. 
Nan-hardenable: maximum carbon content 0.15%. 
Material should be from paint, grease, oil. 6. Tolerance of height H i s  f0.002 in. in material UP to Thickness Width Length 

9. Load 01 one projection weld oaly i s  based on tenslle- 
shear specimens made from two coupons in  which 
the overlap i s  equal to Ihe width of coupon. 

~ t ~ ~ l - 3 ~ .  310, 316, 317,321, 347, and 349. 

and including 0050 in. and &0.005 in. up to and Range of Coupon of Coupon 
3. Size of projection usually determined by t h i c k n s  of including 0.125 in. 0.00€4.024" 96. 3' 

the thinner piece. Projection should be on thicker piece 0.030-0.058" 1' I= 
whenever practical. 7. Electrode material is Maltory 100 or Elkonite 10W3. 0.0594.1 15' 1H. 5. 

4. Data applies to Iwo thicknesses only where ratio of O.llM).190' 2' 6. 
thicknesses is 3 to 1 or lass. 8. Weld time based on 60 cycles per seconn frequency. IO. Weld should be located in  center of overlap. 
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s p o t  welds.  S e v e r a l  p r o j e c t i o n  welds can  b e  made s i m u l t a n e o u s l y .  I f  these 

p r o j e c t i o n s  are r e l a t i v e l y  f a r  a p a r t ,  t h e  c u r r e n t  i n  the t a b l e  should  b e  m u l t i -  

p l i e d  by t h e  number of  p r o j e c t i o n s .  Th i s  c u r r e n t  ad jus tment  can  be done b e s t  

- b y  t r i a l  and e r r o r .  A s  a g e n e r a l  r u l e ,  the welding c u r r e n t  t h a t  does n o t  

c a u s e  e x c e s s i v e  s p i t t i n g  i s  t h e  b e s t .  

The weld t i m e  shou ld  be  j u s t  long  enough t o  i n c l u d e  p r o j e c t i o n  c o l l a p s e .  

Once t h e  p r o j e c t i o n  has c o l l a p s e d ,  l a r g e  areas of t h e  p a r t s  are i n  c o n t a c t .  

With the c u r r e n t  s p r e a d  over  t h i s  l a r g e r  area, n o t  enough h e a t  i s  produced t o  

keep t h e  weld nugget mol ten .  No u s e f u l  purpose  i s  s e r v e d  by c o n t i n u i n g  t h e  

welding c u r r e n t  a f t e r  p r o j e c t i o n  c o l l a p s e .  

P roper  welding p r e s s u r e  i s  v e r y  impor tan t .  I f  i t  i s  t o o  h i g h ,  t h e  

p r o j e c t i o n  w i l l  c o l l a p s e  b e f o r e  c o r r e c t  h e a t i n g  i s  ach ieved .  I f  t h e  f o r c e  i s  

t o o  low, the p r o j e c t i o n  may m e l t  and blow o u t  b e f o r e  t h e  p a r t s  can  be  pushed 

t o g e t h e r .  S i n c e  t h e  f o r c e  i s  so  c r i t i c a l ,  t h i s  i s  t h e  f i r s t  welding c o n d i t i o n  

t h a t  should  b e  s e t  i n t o  t h e  welding machine. 

Round p r o j e c t i o n s  are  the b e s t  shape  t o  u s e .  However, p r o j e c t i o n s  c a n  a l s o  

be  s q u a r e ,  oblong,  o r  o v a l .  With machined p a r t s ,  as a s t u d  o r  b o l t ,  a r i n g  shaped 

p r o j e c t i o n  may b e  used as i t  i s  e a s y  t o  machine. Suggested dimensions f o r  p r o j e c -  

t i o n s  i n  s t a i n l e s s  s t ee l  p a r t s  are g i v e n  i n  t h e  t a b l e  of welding c o n d i t i o n s .  

R e s i s t a n c e  Seam Welding. Seam welding i s  n o t h i n g  more t h a n  a series 

of over lapp ing  s p o t  we lds .  The c h i e f  d i f f e r e n c e  between making seam welds and 

s p o t  welds i s  t h e  u s e  of  c i r c u l a r  o r  wheel e l e c t r o d e s  f o r  seam welding.  The 

p r i n c i p a l  advantage of  seam welding over  s p o t  welding i s  tha t  the j o i n t s  are 

l e a k t i g h t .  However, there i s  more d i s t o r t i o n  i n  seam welding than  i n  s p o t  welding.  

During welding,  the e l e c t r o d e s  r o t a t e .  I n d i v i d u a l  o v e r l a p p i n g  s p o t  welds are 

c r e a t e d  by c o o r d i n a t i n g  t h e  welding c u r r e n t  t i m e  and wheel r o t a t i o n .  Wheel r o t a t i o n  

c a n  be  e i t h e r  con t inuous  o r  i n t e r m i t t e n t .  Continuous r o t a t i o n  imposes a d d i t i o n a l  
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l i m i t a t i o n s  on t h e  weld- cycle  v a r i a t i o n s  t h a t  can  b e  used.  For  example, a 

fo rge- pres su re  c y c l e  i s  n o t  p o s s i b l e  d u r i n g  cont inuous  r o t a t i o n .  Fo rg ing  p r e s s u r e  

can  b e  used w i t h  i n t e r m i t t e n t  r o t a t i o n  as r o t a t i o n  t a k e s  p l a c e  o n l y  a f t e r  a weld 

is  complete  and b e f o r e  t h e  nex t  weld ing  c y c l e  s tarts .  

The con tou r  of t h e  seam weld ing  e l e c t r o d e s  may be  e i t h e r  f l a t  w i t h  a beveled  

edge o r  a r a d i u s  shape .  The r a d i u s  shape  w i l l  g i v e  t h e  b e s t  appea r ing  seam welds.  

Recommended e l e c t r o d e  w i d t h  and s u r f a c e  r a d i u s  f o r  weld ing  v a r i o u s  t h i c k n e s s e s  of  

s t a i n l e s s  s tee l  are g iven  i n  t h e  t a b l e  o f  weld ing  c o n d i t i o n s ,  T a b l e  XXVI. A s  w i t h  

s p o t  weld ing ,  t h e s e  c o n d i t i o n s  a r e  o n l y  approximat ions .  Exact  c o n d i t i o n s  can  b e  

determined o n l y  by making test welds.  

D i s t o r t i o n  i s  a b i g  problem i n  t h e  seam weld ing  of  s t a i n l e s s  s tee l .  S t agge r-  

i n g  t h e  welds on o p p o s i t e  s i d e s  of  t h e  assembly sometimes w i l l  h e l p .  

a r e  t o  b e  welded, s k i p  weld ing  w i l l  h e l p  t o  r educe  d i s t o r t i o n .  The b e s t  method o f  

minimizing d i s t o r t i o n  i s  t o  c o o l  t h e  weld w i t h  streams of wa te r .  A stream o f  

water should  b e  d i r e c t e d  b o t h  i n  f r o n t  and behind t h e  p o i n t  of c o n t a c t  of  t h e  

wheel and p a r t  on b o t h  t h e  t o p  and bot tom s u r f a c e s .  Cooling water p rov ides  a n  

added advantage  i n  t h a t  by c o o l i n g  t h e  weld area r a p i d l y ,  good c o r r o s i o n  r e s i s t a n c e  

i s  main ta ined  i n  t h e  s t a i n l e s s  s teel .  

I f  long  seams 

F l a s h  Welding. F l a s h  weld ing  i s  used e x t e n s i v e l y  f o r  j o i n i n g  s t a i n l e s s  

s teel  b a r s ,  t u b e s ,  w i r e s ,  and t h i c k  s t r i p  and s h e e t  end t o  end. F l a s h  weld ing  

h a s  advantages  f o r  weld ing  s t a i n l e s s  s tee ls .  A l l  molten metal i s  squeezed o u t  of  

t h e  j o i n t  so  there i s  no s low- cooled c a s t  s t r u c t u r e  t h a t  might be  s u b j e c t  t o  

c o r r o s i o n .  The h o t  metal i s  u p s e t  d u r i n g  weld ing  and t h i s  u p s e t t i n g  o p e r a t i o n  

may improve t h e  d u c t i l i t y  o f  t h e  h e a t - a f f e c t e d  zones o f  t h e  ha rdenab le  s t a i n l e s s  

s teels .  

Equipment. Equipment f o r  f l a s h  weld ing  i s  c o n s i d e r a b l y  d i f f e r e n t  from 

equipment used f o r  s p o t  o r  seam welding.  For  weld ing ,  t h e  p a r t s  are h e l d  f i r m l y  i n  
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TABLE XXVI. RECOMMENDED CONDITIONS FOR RESISTANCE- 
SEAM WELDING STAINLESS STEELS (REF. 53) 

NOTES : 
I. TYPES OF STEEL- 3 0 1 , 3 0 2 , 3 0 3 .  304, 3 0 8 , 3 0 9 , 3 1 0 .  316, 317, 3 2 1 , 3 4 7  AN0 3 4 9  
2. MATERIAL SHOULO BE FREE FROM SCALE, OXIDES. PAINT. GREASE AN0 OIL 
3. WELDING CONDITIONS DETERMINE0 BY THICKNESS OF THINNEST 0;TSIOE PIECE '1 - 
4. OAT& f 0 R  TOTAL THICKNESS OF PlLE-UP NOT E,XCEEOING 4 I T  .MAXIMUM RATIO BETWEEN THICKNESSES 3 TO I 
S. ELECTROOE MATERIAL, CLASS 3 

MINIMUM CONDUCTlVlTY - 45% OF COPPER 
MINIMUM HARONESS - 9 5  ROCKWELL'B. 

6. FOR LARGE ASSEMBLIES MINIMUM CONTACTING OVERLAP INOICATED SHOULO BE INCREASED 30 PER CENT 
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two coppe r- a l loy  d i e s .  One o r  bo th  of  t h e s e  d i e s  are movable. Cur ren t  from a 

welding t r ans fo rmer  passes through t h e  d i e s  and i n t o  t h e  work. The p a r t s  i n i t i a l l y  

may o r  may no t  be  s e p a r a t e d ,  b u t  are advanced toward each  o t h e r .  A t  t h e  f i r s t  con- 

tac t  o f  t h e  pa r t s ,  t h e  c u r r e n t  causes  m e l t i n g  of  t h e  metal and v i o l e n t  expu l s ion .  

Th i s  behav io r  c o n t i n u e s  u n t i l  t h e  b a s e  metal i s  h e a t e d  t o  weld ing  tempera ture .  

Then, t h e  p a r t s  are fo rged  t o g e t h e r  t o  complete  t h e  weld. Welding c u r r e n t  u s u a l l y  

is  s h u t  o f f  a t  t h e  t i m e  f o r g i n g  t a k e s  p l a c e .  

The machine c a p a c i t y  r e q u i r e d  t o  weld s t a i n l e s s  s tee l s  does n o t  d i f f e r  g r e a t l y  

from t h a t  r e q u i r e d  f o r  s teel .  This  i s  e s p e c i a l l y  t r u e  f o r  t r ans fo rmer  c a p a c i t y .  The 

u p s e t - p r e s s u r e  c a p a c i t y  f o r  making f l a s h  welds i n  s t a i n l e s s  steels i s  h i g h e r  t h a n  

t h a t  r e q u i r e d  f o r  steel.  F i g u r e s  31 and 32 show t h e  t r ans fo rmer  and u p s e t  c a p a c i t y  

r e q u i r e d  f o r  weld ing  o f  d i f f e r e n t  c r o s s - s e c t i o n a l  areas i n  s t a i n l e s s  s t e e l s  (Ref.  5 7 ) .  

Also of impor tance  i s  t h e  f a c t  t h a t  t r a n s f o r m e r- c a p a c i t y  requi rements  va ry  from one 

machine to a n o t h e r ,  depending upon t h e  coup l ing  between t h e  p a r t s  and t r ans fo rmer .  

J o i n t  Design. J o i n t  d e s i g n s  f o r  f l a s h  weld ing  s t a i n l e s s  s teels  a l s o  

are similar t o  t h o s e  used f o r  o t h e r  metals. F l a t ,  shea red ,  o r  saw-cut edges and 

p inch- cu t  rod  o r  wire ends are s a t i s f a c t o r y  f o r  weld ing .  For  t h i c k e r  s e c t i o n s ,  t h e  

edges are sometimes beveled  s l i g h t l y .  The o v e r a l l  s h o r t e n i n g  of t h e  p a r t s  due t o  

metal l o s t  d u r i n g  weld ing  should  be  t aken  i n t o  accoun t  so t h e  f i n i s h e d  p a r t s  w i l l  be 

o f  t h e  d e s i r e d  l e n g t h .  Tab le s  XXVII and XXVIII l i s t  t h e  m e t a l  a l lowances  used  i n  making 

f l a s h  welds  i n  s t a i n l e s s  s tee l  t u b i n g ,  s h e e t ,  and s o l i d  b a r s .  

Welding Procedures .  The f l a sh- we ld ing  c o n d i t i o n s  t h a t  are of g r e a t e s t  

impor tance  are f l a s h i n g  c u r r e n t ,  speed and t i m e ,  and u p s e t  p r e s s u r e  and d i s t a n c e .  

With p rope r  c o n t r o l  of  t h e s e  v a r i a b l e s ,  molten metal, which may b e  contamined, i s  

n o t  r e t a i n e d  i n  t h e  j o i n t ,  and t h e  metal a t  t h e  j o i n t  i n t e r f a c e  i s  a t  t h e  p rope r  

t empera tu re  f o r  welding.  
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Weld Area, square inches 

FIGURE 31. TRANSFORMER CAPACITY VERSUS WELD AREA 
FOR FLASH WELDING ( R e f .  57 as corrected) 

Weld Area, square inches 

FIGURE 32. MAXIMUM MACHINE UPSET-PRESSURE REQUIRFMENTS VERSUS 
WELD AREA FOR FLASH WELDING ( R e f .  57) 
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TABLE XXVII. DIMENSIONAL ALLOWANCES FOR FLASH WELDING 
STAINLESS STEEL TUBING AND SHEET (Ref .  53) 

0010 0087 0057 0030 OM0 0017 0029 0044 040  0250 0375 100 
0.020 0156 0101 0055 OW0 0031 0.051 0.078 065 0 3 1 2  0375 I 00 
0.030 0215 0145 0080 0100 O M 5  0073 0113 0 8 5  0375 0375 1 5 0  
0040 0287 0182 0105 0124 0050 OW1 0.144 110 o m  0375 1.75 
0050 0350 0220 0130 0153 OW7 0110 0175 135 0750 O M 0  200 

0.W 0406 0261 0145 0.180 0081 0131 0203 165 IWC 0 7 M  250 
OW0 0529 0344 0185 0236 0108 0172 0164 215 1-50 lo00 3 0 0  
0.100 0637 0412 0225 0282 0130 0 2 W  0319 285 200 125 
0120 0748 0 4 8 3  0265 0330 0153 0242 0374 330 2 3 0  175 
0 1 4 0  0862 O S 5 1  0310 0382 0170 0276 0431 3 8 5  3 0 0  200 

0 160 0958 0608 0350 0420 0 188 0304 0479 4 50 3 50 2 25 
0180 1053 0663 0390 0457 0206 0332 0527 525 400 250 
0200 1141 0711 0430 0487 0224 0356 0570 600 4 5 0  275 
0250 1298 0798 0500 0548 0250 0 3 9 9  0649 8 0 0  5 0 0  175 
0300 1437 0877 0560 0607 0270 0439 0718 105 5 5 0  300 

0 3 5 0  1587 0957 0630 0660 0297 0479 0794 135 600  325 
04QJ 1702 1021 0680 0698 0324 0511 0851 165 650  3 5 0  
0460 1789 1069 0720 0727 0342 0535 0894 190 700 375 
0500 1866 1116 0750 0765 0351 0558 0 9 3 3  125 750 400 
0550 1950 1 t M )  0790 0790 0370 OS80 0975 250 0 0 0  425 
0600 2012 1191 0820 0814 0378 0596 1006 280 8 0 0  450 

Nole-These dola rover rlondord Ivper 01 11mnle1s m Ihc 300 ond 400 iernes end arc bared on xeldmg wlthoul preheohng, bolh 
pieces having the som. welding <horo<le,<slscs 

1 = M = Initial c~ tcn i ion  per piece 
0 D = Outride die 01 tubing 
5 = Minimum lsnglh of eleclroda cantad 
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TABLE XXVIII. DIMENSIONAL ALLOWANCES FOR FLASH WELDING 
STAINLESS STEEL BARS (Ref. 53) 

0 0  

0 050 
0 100 
0 150 
0 2 0 0  
0 250 
0 300 
0 950 
0 400 
0 450 
0 500 
0 550 

0600 
0 650 
0 700 
0 750 
0 800 
0 850 
0 900 
0 950 
loo0 
1050 
1.100 

1150 
1 2 0 0  
1250 
1300 
1400 
15W 
1600 
1700 
1800 
1900 
2000 

- A 
n 

0 100 
0 182 
0 270 
0 350 
0 430 
0510 
0600 
0 685 
0 770 
0 850 
0 940 

102s 
1100 
1 I80 
1 260 
1340 
1420 
1 5 0 0  
1580 
1 6 6 0  
1740 
1.810 

lVW 
1980 
2060 
2.140 
2 300 
2 460 
2 620 
2 780 
2 940 
3 100 
3 260 

0050 0050 
0082 0100 
0120 0150 
0150 0200 
0 180 0250 
0210 0300 
0250 0350 
0285 0400 
0320 0450 
0350 0500 
0390 0550 

0 425 
0.450 
0.480 
0510 
0 540 
0.570 
0 600 
0,630 
0660 
0.690 
0.720 

0.750 
0.780 
0.010 
0.140 
0 . m  
0.960 
1.020 
1.080 
1.140 
1.2w 
1.260 

0600 
0.650 
0 700 
0.750 
0.800 
0.850 
0.900 
0.950 
lo00 
1 050 
1.100 

1.150 
1.200 
1.250 
1.300 
1.400 
1.500 
1.600 
1.700 
1.800 
1.900 
2.000 

D 

0 MO 
0.061 
O O W  
0.1 10 
0 I30 
0 150 
0.180 
0.105 
0 230 
0 250 
0 280 

0 305 
0 325 
0 350 
0 375 
0 400 
0425 
0 450 
0.475 
0 500 
0.525 
0 550 

0.575 
0.600 
0.615 
0.650 
0.700 
0.750 
0.800 
0.050 
0.m 
0.950 
1,.000 

H 
in 

0010 
0 010 
0 030 
0 040 
0 050 
0 060 
0 070 
0 010 
0 090 
0 100 
0110 

0 120 
0 125 
0 130 
0 135 
0 140 
0 145 
0 150 
0 155 
0 I60 
0 165 
0.170 

0 175 
0 180 
0 185 
0 190 
0 200 
0 210 
0 220 
0 230 
0 240 
0 2x1 
0 260 

J = = K  

0 025 
O M 1  
0 060 
0 075 
0 090 
0 105 
0 I25 
0 143 
0 160 
0 175 
0 19s 

0213 
0 225 
0 240 
0 255 
0 270 
0 285 
0300 
0315 
0 335 
0 345 
0 360 

0 375 
0 390 
0 405 
0 420 
0 450 
0 480 
0510 
0 540 
0 570 
0600 
0 630 

n - l = M  
in. 

0 050 
0091 
0 135 
0 175 
0 215 
0 255 
0 300 
0 343 
0 385 
0 425 
0 470 

0 513 
0 550 
0 590 
0 630 
0 670 
0710 
0 750 
0 790 
0 830 
0 870 
0910 

0 950 
09W 
1030 
1 070 
1150 
1.230 
1.310 
1390 
1.470 
1 550 
1630 

0 40 
0 75 
115 
150 
1w 
2 2 5  
2 75 
3 25 
3 75 
4 25 
5 0 0  

5 50 
6 75 
7 50 
8 25 
900 
9 75 
10 50 
1 1  75 
1300 
14 75 
16 50 

18 25 
20 00 
22 50 
25 00 
30 00 
30 00 
45 00 
54 00 
63 00 
75 00 
9000 

0 0  

0 250 
0 3 1 2  
0 375 
0 500 
0 750 
l o o 0  
' 5 0  
2 0 0  
2 50 
3 0 0  
3 50 

400 
4 50 
5 0 0  
5 50 
6 M )  
6 50 
700 
7 50 
8 0 0  
8 0 0  
900 

9 50 
1000 

0375 I 0 0  
0375 1 0 0  
0375 150 
0375 175 
o m  2.00 

low 3.00 
1 2 5  
175 
2 0 0  
2 25 

0 7 m  250  

2.50 
2.75 
2.75 
3.00 
3.25 
3.54 
3.75 
4.00 
4.25 
4.10 
4.75 

5.00 

I cc-l I I 

0 0. 5 Diom.lrr of rounds 01 minimum C = Final die op.ninp 
D = Tolol flashsff 

J = K = Mol.rial loll c.? piwe 

dimension of other n c l i o n s  
A = lni t id  d i o  op.ninp n = Total "put 
I = Malbriol losl 

L-=+ 
I .  
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G e n e r a l l y ,  h i g h  f l a s h i n g  speeds  and s h o r t  f l a s h i n g  t i m e s  are used when i t  

i s  d e s i r a b l e  t o  minimize weld con tamina t ion .  A l s o ,  t h e  u s e  o f  a p a r a b o l i c  f l a s h i n g  

curve  i s  more d e s i r a b l e  t h a n  t h e  u s e  of a l i n e a r  f l a s h i n g  c u r v e  because  maximum 

j o i n t  e f f i c i e n c y  can  b e  o b t a i n e d  w i t h  a minimum of metal lo s s .  

F l a s h  welding v a r i a b l e s  v a r y  from machine t o  machine and a p p l i c a t i o n  t o  

a p p l i c a t i o n .  Welding c u r r e n t  and arc v o l t a g e  depend on t h e  t r a n s f o r m e r  t a p  t h a t  

i s  used.  

Whe'n welding t h e  h a r d e n a b l e  chromium s t a i n l e s s  s tee l s ,  it may be advantageous 

t o  s h u t  o f f  t h e  c u r r e n t  g r a d u a l l y  so t h a t  thwweld area c o o l s  s lowly  t o  p reven t  

b r i t t l e  welds .  F o r  welds of t h e  h i g h e s t  q u a l i t y  i n  any of t h e  s t a i n l e s s  s tee ls ,  a 

p r o t e c t i v e  atmosphere of a rgon  o r  he l ium may be used around t h e  weld area. 
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SOLID-STATE WELDING 

. I n  s o l i d - s t a t e  welding,  two o r  more s o l i d  phases are m e t a l l u r g i c a l l y  j o i n e d  

wi thou t  t h e  c r e a t i o n  of any  l i q u i d .  Welding o c c u r s  by t h e  a c t i o n  o f  a tomic f o r c e s  

and i s  no t  t h e  r e s u l t  o f  o n l y  mechanical  i n t e r l o c k i n g .  For e n g i n e e r i n g  purposes,  

s o l i d - s t a t e  welding i s  c o n v e n i e n t l y  d i v i d e d  i n t o  two c a t e g o r i e s ,  d i f f u s i o n  welding 

and deformat ion welding.  I n  d i f f u s i o n  welding,  deformat ion i s  r e s t r i c t e d  t o  

t h a t  amount n e c e s s a r y  t o  b r i n g  t h e  s u r f a c e s  t o  be j o i n e d  i n t o  i n t i m a t e  c o n t a c t  

and d i f f u s i o n  i s  t h e  primary mechanism of  weld format ion.  I n  deformat ion 

welding,  d i f f u s i o n  p lays  a less impor tan t  r o l e  and deformat ion i s  t h e  primary 

f a c t o r  i n  c r e a t i o n  of t h e  weld. Both deformat ion  and d i f f u s i o n  occur  i n  t h e s e  

two s o l i d - s t a t e  welding p rocesses .  

These p rocesses  a r e  d e s c r i b e d  i n  more d e t a i l  below and exper ience  i n  t h e  

a p p l i c a t i o n  o f  t h e s e  methods t o  p r e c i p i t a t i o n- h a r d e n i n g  s t a i n l e s s  s t e e l s  i s  

p resen ted .  

i n  a p rev ious  r e p o r t  of t h e  Redstone S c i e n t i f i c  In format ion  Center  (Ref.  58). 

The fundamentals of s o l i d - s t a t e  welding have been e x t e n s i v e l y  d i s c u s s e d  

D i f f u s i o n  Welding. S o l i d - s t a t e  d i f f u s i o n  welding i s  a j o i n i n g  method 

i n  which metals are  j o i n e d  w i t h  t h e  a p p l i c a t i o n  o f  p r e s s u r e  and h e a t .  P r e s s u r e  

i s  l i m i t e d  t o  t h e  amount t h a t  w i l l  b r i n g  t h e  s u r f a c e s  t o  be j o i n e d  i n t o  i n t i m a t e  

c o n t a c t .  Very l i t t l e  deformat ion of t h e  p a r t s  t a k e s  p l a c e .  S o l i d - s t a t e  d i f f u s i o n  

welding does n o t  p e r m i t  m e l t i n g  o f  t h e  s u r f a c e s  t o  be j o i n e d .  Once t h e  s u r f a c e s  

a r e  i n  i n t i m a t e  c o n t a c t ,  t h e  j o i n t  i s  formed by d i f f u s i o n  by a tomic s p e c i e s  

a c r o s s  t h e  o r i g i n a l  i n t e r f a c e s .  

Some of t h e  meri ts  o f  t h e  p rocess  t h a t  make i t  a t t r a c t i v e  as a method of  

manufactur ing a r e  as fo l lows :  

(1) M u l t i p l e  welds can be  made s imul taneous ly .  
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(2 )  Welds can  be made t h a t  have e s s e n t i a l l y  t h e  same mechanical ,  p h y s i c a l ,  

and chemical  p r o p e r t i e s  as t h e  base  metal. 

(3)  Welding c a n  be done below t h e  r e c r y s t a l l i z a t i o n  t empera tu re  o f  most 

materials .  

( 4 )  The fo rmat ion  of b r i t t l e  compounds can  be avoided provided t h a t  proper  

materials and welding c o n d i t i o n s  are s e l e c t e d .  

(5) For  each material combinat ion,  t h e r e  are s e v e r a l  combinat ions  of 

parameters t h a t  w i l l  produce welds .  

(6)  S e g r e g a t i o n  and d i l u t i o n  of a l l o y  o r  s t r e n g t h e n i n g  e lements  i s  

e 1 iminated . 
D i f f u s i o n  welding i s  p r i m a r i l y  a t i m e  and t e m p e r a t u r e- c o n t r o l l e d  process .  

The t i m e  r e q u i r e d  f o r  welding can be shor tened  c o n s i d e r a b l y  by u s i n g  a h i g h  

welding p r e s s u r e  o r  t empera tu re  because d i f f u s i o n  i s  much more r a p i d  a t  h i g h  

t empera tu res  t h a n  a t  low tempera tu res .  Both t h e  welding t i m e  and t empera tu re  

o f t e n  can be reduced by u s i n g  a n  i n t e r m e d i a t e  m a t e r i a l  of d i f f e r e n t  composi t ion 

t h a n  t h e  base  metal t o  promote d i f f u s i o n .  Th is  procedure r e f l e c t s  t h e  i n c r e a s e  

i n  d i f f u s i o n  ra te  t h a t  i s  o b t a i n e d  by t h e  i n t r o d u c t i o n  of a d i s s i m i l a r  metal. 

The s t e p s  invo lved  i n  d i f f u s i o n  welding are as fo l lows :  

(1) P r e p a r a t i o n  o f  t h e  s u r f a c e s  t o  be welded by c l e a n i n g  o r  o t h e r  s p e c i a l  

t r e a t m e n t s ,  

( 2 )  Assembly o f  t h e  components t o  be welded. 

( 3 )  A p p l i c a t i o n  of t h e  r e q u i r e d  welding p r e s s u r e  and t empera tu re  i n  t h e  

s e l e c t e d  welding environment.  

( 4 )  R e t e n t i o n  of t h e  welding p r e s s u r e  and temperature  f o r  t h e  d e s i r e d  

welding t i m e .  

(5) Removal of t h e  welded p a r t s  from t h e  welding equipment f o r  i n s p e c t i o n ,  

t e s t i n g ,  o r  placement i n  s e r v i c e .  
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Cleaning s t a i n l e s s  s t e e l  p r i o r  t o  d i f f u s i o n  welding can be accomplished 

u s i n g  t h e  fo l lowing  procedure:  

(1) Degrease.  

* (2) P i c k l e  i n  15 weight  p e r c e n t  HNO - 1.5  weight  pe rcen t  HF-83.5 weight  
> 3 

p e r c e n t  H 0. 2 

( 3 )  Rinse i n  d e i o n i z e d  water. 

( 4 )  Dry. 

A more complex procedure  t h a t  h a s  been s u c c e s s f u l l y  used p r i o r  t o  gas  p r e s s u r e  

bonding of 347 s t a i n l e s s  s t ee l  

degreas ing  i n  a l c o h o l ,  p i c k l i n g  i n  10 volume p e r c e n t  HNO - 2  volume percen t  HG 

aqueous s o l u t i o n  f o r  2 minutes  a t  120 t o  140 F,  and r i n s i n g  i n  c o l d  running 

c o n s i s t e d  of mechanical ly  p repar ing  t h e  pieces, 

3 

wa te r .  

fo l lows :  

Following t h e s e  s teps ,  a washing and c l e a n i n g  c y c l e  w a s  conducted a s  

(1) P laced  i n  t r i c h l o r e t h y l e n e  vapor  b a t h  (5  m i n u t e s ) .  

(2)  Scrubbed i n  methyl e t h y l  ketone.  

( 3 )  Scrubbed i n  200-proof a l c o h o l .  

( 4 )  Placed i n  200-proof u l t r a s o n i c  b a t h  (5 minu tes ) .  

(5) Scrubbed i n  a h o t  Alcanox s o l u t i o n  (180 F ) .  

(6) Rinsed i n  c o l d  running water .  

(7) P laced  i n  200-proof u l t r a s o n i c  b a t h  ( 5  m i n u t e s ) .  

(8) Rinsed i n  c o l d  running water. 

(9) Rinsed i n  h o t  water (180 F) . 
(10) Blown d r y  w i t h  f i l t e r e d  a i r .  

S e l e c t i o n  o f  a degreas ing  chemical  depends on t h e  c o n d i t i o n  of t h e  s u r f a c e s .  

Common degreas ing  a g e n t s  i n c l u d e  a c e t o n e ,  a l c o h o l ,  methyl e t h y l  ke tone ,  t r i c h l o r o -  

e t h y l e n e  l i q u i d  o r  vapor ,  and p e r c h l o r o e t h y l e n e  l i q u i d  o r  vapor ,  Any of t h e s e  

shou ld  be s u i t a b l e .  
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F i n a l  d r y i n g  o f  m e t a l  p a r t s  c a n  be accomplished i n  a number of ways. These 

i n c l u d e  : 

(1) B l a s t i n g  w i t h  a c l e a n ,  d r y  gas  (e .g . ,  f i l t e r e d  a i r  o r  n i t r o g e n ) .  

( 2 )  Swabbing w i t h  a v o l a t i l e  s o l v e n t  such as a l c o h o l .  

( 3 )  Immeising i n  a h o t  vapor  such a s  t r i c h l o r o e t h y l e n e  o r  pe rch loroe thy lene  

and subsequen t ly  a l l o w i n g  t h e  p i e c e s  t o  d r y  i n  a i r .  

( 4 )  P l a c i n g  i n  a h e a t e d  oven. 

I f  t h e  welding i s  t o  be  conducted i n  a vacuum, d r y i n g  can be r e a d i l y  accomplished 

immediately p r i o r  t o  b r i n g i n g  t h e  f a y i n g  s u r f a c e s  i n t o  c o n t a c t .  V o l a t i l e  s u r f a c e  

i m p u r i t i e s  w i l l  be desorbed i n  vacuum a e  a n  e l e v a t e d  temperature .  

T a b l e s  XXIX, XXX, and XXXI summarize the c o n d i t i o n s  used i n  d i f f u s i o n  weld- 

i n g  s t a i n l e s s  s t ee l  t o  i t s e l f  and t o  aluminum and bery l l ium.  

Deformation Welding. Deformation welding d i f f e r s  from d i f f u s i o n  welding 

p r i m a r i l y  because a l a r g e  amount of deformat ion t a k e s  p lace  i n  t h e  p a r t s  be ing  

jo ined .  The deformat ion makes i t  p o s s i b l e  t o  produce a w e l d  i n  such s h o r t e r  

times and f r e q u e n t l y  a t  lower t empera tu res  t h a n  are p o s s i b l e  w i t h  d i f f u s i o n  

welding.  When j o i n i n g  assembl ies  a t  e l e v a t e d  t empera tu res ,  bonding p r e s s u r e s  and 

atmospheres o f t e n  d i f f e r  c o n s i d e r a b l y  from room-temperature v a l u e s  because o f  

such f a c t o r s  as o u t g a s s i n g  and s o f t e n i n g  o f  t h e  m a t e r i a l s .  

made t o  c o n t r o l  t h e s e  f a c t o r s  under a c t u a l  bonding c o n d i t i o n s .  Welding deformat ions  

Arrangements must be 

as g r e a t  as 95 p e r c e n t  may be used,  The s teps  involved i n  deformat ion welding 

a r e  v e r y  s imi lar  t o  t h o s e  used i n  d i f f u s i o n  welding.  

R o l l  Welding. R o l l  welding i s  a solid-state-deformation- 

welding p rocess  t h a t  h a s  been used f o r  t h e  f a b r i c a t i o n  o f  s t r u c t u r a l  shapes  and 

sandwich pane l s  (Refs .  59, 60, 61). A v a r i e t y  of materials i n c l u d i n g  t h e  300 
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series of s t a i n l e s s  steels has  been i n v e s t i g a t e d  and found s u i t a b l e  f o r  t h i s  

method of f a b r i c a t i o n .  The p rocess  u t i l i z e s  conven t iona l  t echn iques  and equip-  

ment f o r  p r e p a r a t i o n  of packs i n  which t h e  s t r u c t u r e s  are encapsu la ted  f o r  r o l l  

welding.  

impor tan t  a t t r i b u t e  of r o l l  welding i s  t h a t  n e i t h e r  new machines nor  unusua l  

t echn iques  are r e q u i r e d .  Forming of t h e  ro l l- welded  s t r u c t u r e s  i s  accomplished 

on hydropresses ,  b r a k e s ,  and by o t h e r  s t a n d a r d  a i r f r a m e  manufactur ing equipment. 

Welding i s  accomplished i n  a s t a n d a r d  h o t - r o l l i n g  m i l l .  An e s p e c i a l l y  

Roll .  welding of t r u s s - c o r e  sandwich s t r u c t u r e s  u s u a l l y  i n c l u d e s  t h e  fo l lowing  

p r o c e s s i n g  s t e p s :  

P repare  t h e  c o r e ,  by c o r r u g a t i n g  o r  shaping t o  t h e  d e s i r e d  c o n f i g u r a t i o n .  

F i l l  t h e  spaces  between c o r r u g a t i o n s  o r  r i b s ,  us ing  f i l l e r  b a r s  of mild 

s tee l  o r  o t h e r  a p p r o p r i a t e  meta l .  

P o s i t i o n  t h e  f a c e  s h e e t s  on t h e  c o r e - a n d - f i l l e r - b a r  s e c t i o n .  

P lace  t h e  sandwich i n  an  a p p r o p r i a t e  yoke. 

Weld c o v e r s  t o  t h e  yoke t o  form a n  a i r t i g h t  pack. 

Evacuate t h e  pack, t o  p r o t e c t  a g a i n s t  o x i d a t i o n .  

Hot r o l l  t h e  pack, i n  t h e  same manner a s  a s i n g l e  meta l  p l a t e ,  t o  t h e  

d e s i r e d  r e d u c t i o n  i n  t h i c k n e s s ;  welding i s  accomplished i n  t h e  same 

ope rat  ion .  

Contour t h e  pack, i f  con tour ing  i s  r e q u i r e d ,  by a p p r o p r i a t e  h o t  o r  c o l d  

r o l l i n g  o r  o t h e r  forming p rocess .  

Remove t h e  c o v e r s ,  mechanical ly .  

Remove t h e  f i l l e r  b a r s  chemica l ly ,  l each ing  wi th  d i l u t e  n i t r i c  o r  o t h e r  

a p p r o p r i a t e  a c i d .  

Primary advantages  of ro l l- welded  sandwich s t r u c t u r e s  i n c l u d e :  (1) t h e  f a b r i c a t i o n  

o f  complex contoured s u r f a c e s  are p o s s i b l e ;  (2) a r e l i a b l e  d i f f u s i o n  bond between 

c o r e  and f a c e s ,  w i t h  t h e  p r o p e r t i e s  and s t r e n g t h  of t h e  base  meta l  can be 

achieved;  (3) low c o s t  compared t o  c o n v e n t i o n a l  brazed sandwich s t r u c t u r e s .  These  
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advantages  make it a s u i t a b l e  method f o r  f a b r i c a t i n g  f u e l  t anks ,  s o l i d  p r o p e l l a n t  

. eng ine  cases, p r e s s u r e  v e s s e l s  and space v e h i c l e  s t r u c t u r e s  of many kinds .  

BRAZING 

S t a i n l e s s  s t ee l s  c a n  be r e a d i l y  brazed p rov id ing  c a r e  i s  t a k e n  i n  t h e  selec- 

t i o n  o f  t h e  b r a z i n g  f i l l e r  metal and c l o s e  c o n t r o l  i s  e x e r c i s e d  over  t h e  b r a z i n g  

o p e r a t i o n .  The s t a i n l e s s  s t ee l  a l l o y  be ing  brazed and t h e  in tended  s e r v i c e  of 

t h e  brazed j o i n t  d i c t a t e  t h e  b r a z i n g  t echn ique ,  m a t e r i a l s ,  and equipment r e q u i r e d .  

The b r a z i n g  c y c l e  used f o r  most of t h e  chromium-nickel s t a i n l e s s  s t ee l s  should 

avo id  prolonged exposure t o  t empera tu res  i n  t h e  range of 900 t o  1300 F i f  t h e  

brazed j o i n t  w i l l  be exposed t o  a c o r r o s i v e  environment.  Th i s  i s  because c a r b i d e  

p r e c i p i t a t i o n  w i l l  reduce t h e  c o r r o s i o n  r e s i s t a n c e  of t h e  s t a i n l e s s  s t e e l .  Carbide 

p r e c i p i t a t i o n  can be avoided by: 

(1) 

( 2 )  Cooling t h e  p a r t s  q u i c k l y  a f t e r  b r a z i n g  t o  minimize t h e  t i m e  i n  t h e  

Choosing a b r a z i n g  f i l l e r  a l l o y  w i t h  a m e l t i n g  temperature  above 1300 F. 

c r i t i c a l  t empera tu re  range.  

( 3 )  I f  t h e  chosen f i l l e r  meta l  f lows i n  t h e  c r i t i c a l  temperature  range,  t h e  

b r a z i n g  o p e r a t i o n  should be one t h a t  i n s u r e s  r a p i d  h e a t i n g  and c o o l i n g .  

I n d u c t i o n  o r  t o r c h  b r a z i n g  could  be used b u t  not  fu rnace  b raz ing .  

( 4 )  Use a s t a b i l i z e d  o r  low-carbon grade  o f  s t a i n l e s s  s t e e l  t h a t  i s  n o t  

s u b j e c t  t o  c a r b i d e  p r e c i p i t a t i o n .  

(5) Heat t rea t  t h e  brazed p a r t  t o  d i s s o l v e  t h e  p r e c i p i t a t e d  c a r b i d e s .  

T h i s  s t e p  can  be used o n l y  i f  a high-mel t ing t empera tu re  b r a z i n g  a l l o y  

i s  used.  

I f  a c o r r o s i v e  environment i s  no t  a n t i c i p a t e d ,  t h e s e  p r e c a u t i o n s  are no t  r e q u i r e d ,  

Chromium-nickel s t a i n l e s s  s tee l s  should be i n  t h e  annea led  c o n d i t i o n  when brazed 

and t h e  p a r t s  should not  be s t r e s s e d  d u r i n g  t h e  b r a z i n g  o p e r a t i o n .  These s t ee l s  

are s u b j e c t  t o  s t ress  c o r r o s i o n  by mol ten b r a z i n g  a l l o y s  and c r a c k i n g  of t h e  metal 
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a d j a c e n t  t o  t h e  b r a z e  metal can  occur  i f  t h e  metal i s  under stress w h i l e  exposed 

t o  t h e  mol ten b r a z i n g  metal. 

When t h e  hardenable  chromium s t a i n l e s s  s teels  are brazed,  t h e  e f f e c t  of t h e  

b raz ing  h e a t  on t h e  s t r e n g t h  of t h e  s tee l  may have t o  be  t aken  i n  account .  I f  

t h e  b r a z i n g  t empera tu re  i s  below t h e  hardening temperagure,  some loss  i n  s t r e n g t h  

can occur  because o f  tempering.  On t h e  o t h e r  hand, i f  t h e  b r a z i n g  t empera tu re  i s  

above t h e  hardening t empera tu re ,  b r a z i n g  and harden ing  can be c a r r i e d  o u t  a t  t h e  

same time . 
Brazed j o i n t s  made i n  t h e  chromium s t a i n l e s s  s t ee l s  w i t h  s i l v e r - b a s e  b r a z i n g  

a l l o y s  may be s u b j e c t  t o  c o r r o s i o n  a long  t h e  s t a i n l e s s  s t e e l - b r a z i n g  a l l o y  i n t e r -  

face  (Ref. 7 7 ) .  Th i s  problem u s u a l l y  i s  so lved  by us ing  a n icke l- bear ing  s i l v e r -  

base  b r a z i n g  a l l o y .  

t h i s  type  o f  c o r r o s i o n  a l though  t o  a lesser degree .  

Although j o i n t s  i n  Type 430 s t a i n l e s s  s t ee l  may s t i l l  e x h i b i t  

The s e r v i c e  t empera tu re  i s  a n o t h e r  f a c t o r  t h a t  must be t a k e n  i n t o  account  i n  

s e l e c t i n g  t h e  b r a z i n g  a l l o y .  S t a i n l e s s  s t ee l s  o f t e n  are used f o r  t h e i r  s t r e n g t h  

and r e s i s t a n c e  t o  s c a l i n g  a t  h i g h  t empera tu res .  With few e x c e p t i o n s ,  t h e  s t r e n g t h  

and o x i d i z a t i o n  r e s i s t a n c e  of copper-base and s i l v e r - b a s e  b r a z i n g  a l l o y s  f a l l  o f f  

r a p i d l y  above 500 F and 800 F ,  r e s p e c t i v e l y .  For  s e r v i c e  t empera tu res  up t o  

1000 F, t h e  copper-manganese-nickel b r a z i n g  a l l o y s  are used.  The n i c k e l - b a s e  

b r a z i n g  a l l o y s  are used f o r  s e r v i c e  above 1000 F. 

There  are a l a r g e  v a r i e t y  o f  b r a z i n g  f i l l e r  metals t h a t  can be used t o  b r a z e  

s t a i n l e s s  s tee l s .  S e l e c t i o n  of t h e  b r a z i n g  a l l o y  must be  made w i t h  c o n s i d e r a t i o n  

f o r  t h e  f a c t o r s  d i s c u s s e d  above. The l i s t  of b r a z i n g  f i l l e r  metals which can be 

used on t h e  s t a i n l e s s  s teels  i s  a lmos tun l imi ted .  Commercial f i l l e r  metals are 

a v a i l a b l e  which c o n t a i n  copper ,  g o l d ,  s i l v e r ,  pal ladium,  n i c k e l ,  manganese, i r o n ,  

and many o t h e r  e lements  e i t h e r  as t h e  base  o r  a s  a d d i t i o n a l  e lements .  Some 

t y p i c a l  f i l l e r  metal a l l o y s  f o r  s t a i n l e s s  s t e e l s  are l i s t e d  i n  Tab les  XXXII 

and XXXIII. I 
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TABLE XXXII. COMMONLY USED NOBLE METAL BRAZING ALLOYS FOR STAINLESS STEELS 

- -  
Flow 

Composition, weight per ccnt Ternpsrarure, AX3 
Au Pd Cu L i  Zn Cd Other F Number i 

I A13 

15 

15.5 

22 

15.5 

26 

24 

30 

30 

27.8 

34 

30 

28 

40 

7.3 

21 

27 

-- 
62.5 

-- 
20 

62 

-- 
-- 
62 

16.5 

1145 

1175 

1205 

1270 

1295 

1305 

1325 

1370 

1400 

i425  

1435 

1435 

15 75 

1635 

1742 

1346 

2050 

1841 

1742 

1666 

1877 

205 0 

1899 

lSS6  

1697 



TABLE XXXII . ( GONT INUED) 

F l o w  
1 Temperature, AMS 1 

Au Pd cu Li Zn Cd Other F Numbeq i Aa 

1643 

1652 

2260 

1515 
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TABLE XXXIII. COMMONLY USED NICKEL-BASE BRAZING ALLOYS FOR STAINLESS 
STEELS 

-- 
Brazing 

Composi t ion ,  weiaht per cent Temperature ~.NS , 

Cr Si B Fe N i  Other A Range, F Xumber 
I 
I 
! 

.3.0-20.0 3.0-5.0 2.75-4.75 3.0-5.0 Balance 1.OCo rnax, O.6.C;max 1975-2200 4775 1 
I 

6.0-S.0 3.0-5.0 2.5 -3.5 2.0-4.0 Balance 1.OCo max, 0.5 C max 1850-2150 4777 , 
I 

-- 3.0-5.0 

-- -- 
1 9  l o  
13 -- 

8 -- 
-- 3.5 

7 4.5 

4 -- 
3.5 2.5 

1.8- 3.5 

-- 
e- 

-- 
1.8 

3.2 

0.9 

0.9 

3. ., .o 

‘1.0 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

Balance 

1.OCo max, 0.5 C max 

11 P, 0 .1c 

0.1 c 

10 P, 0.1c 

17Mn, 0.16 

0.06 C 

6W, 0.lC 

45Mn, 0.1C 

35Mn, 0.1C 

1850-2150 4778 j 

170G- B5C 

2100 -22GO 

1700-1950 

! 

-- i 
-- i 
-- I 

I! 
i 

I 

-- 1900-2ieo 

1950-2150 4779 i 

1950-2150 -- , 

2000-2150 -- I 

1950-2050 -- 

1 

I 

! 

-- 4.5 3 . 3  -- Balance 2OCo 1950 -- ; 

-- 11.0 _- 30.0 Balance 3.5 P, 5.4Xo 

33 4 

f 

-- ..- , 
, 

-- -- Balance 25 Pd 2150-2175 -- i 
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S t a i n l e s s  s t ee l  must be c a r e f u l l y  c leaned  b e f o r e  b r a z i n g  t o  remove a l l  f o r e i g n  

mater ia l  ( d i r t ,  g r e a s e ,  markings ,  e t c . )  and as much of  the ox ide  f i l m  as p o s s i b l e . ,  

Th i s  o x i d e  f i l m  i s  v e r y  t e n a c i o u s  and d i f f i c u l t  t o  remove by f l u x e s  and reduc ing  

a tmospheres  a l o n e .  P r e c l e a n i n g  eases the j o b  of  t h e  f l u x  o r  atmosphere.  Pre-  

c l e a n i n g  c o n s i s t s  of d e g r e a s i n g  i n  a s o l v e n t  o r  a l k a l i n e  c l e a n e r  fo l lowed by 

p i c k l i n g  i n  a n  a c i d  s o l u t i o n .  F i l i n g  o r  s t a i n l e s s  s tee l  w i r e  b r u s h i n g  a l s o  may 

be used f o r  c l e a n i n g .  

Most b r a z i n g  methods such a s  t o r c h ,  i n d u c t i o n ,  o r  fu rnace  can  be used w i t h  

s t a i n l e s s  s tee ls .  Methods which do no t  p r o t e c t  t h e  assembly d u r i n g  b r a z i n g  r e q u i r e  

f l u x e s  and pose subsequent  f l u x  removal problems. They may a l s o  produce weakened 

j o i n t s  due t o  ent rapment  of  f l u x  r e s i d u e s .  Consequent ly ,  most b r a z i n g  o p e r a t i o n s  

on c r i t i c a l  a s s e m b l i e s  o f  s t a i n l e s s  s tee l  a r e  c a r r i e d  o u t  i n  a p r o t e c t i v e  atmos- 

phere .  

and vacuum. Atmospheres hav ing  dew p o i n t s  below -40 F a r e  n e c e s s a r y  t o  p reven t  

o x i d a t i o n  of t h e  b a s e  metal d u r i n g  h e a t i n g .  Carbonaceous m a t e r i a l  shou ld  n o t  

be p e r m i t t e d  i n  t h e  b r a z i n g  atmosphere o r  i n  t h e  f u r n a c e .  Carbon i n  c o n t a c t  w i t h  

t h e  brazement and carbonaceous  a tmospheres  w i l l  c a r b o n i z e  t h e  s t a i n l e s s  s t e e l  and 

reduce i t s  c o r r o s i o n  r e s i s t a n c e .  

Dry, oxygen- free  a tmospheres  t ha t  are used i n c l u d e  i n e r t  g a s e s ,  hydrogen,  

A f t e r  b r a z i n g ,  a l l  f l u x  o r  s t o p - o f f  r e s i d u e s  shou ld  be c a r e f u l l y  c l e a n e d  

from t h e  par ts .  These r e s i d u e s  may cause  c o r r o s i o n  o r  a d v e r s e l y  a f f e c t  t h e  

p r o p e r t i e s  o f  t h e  s t a i n l e s s  s tee l  i n  s e r v i c e .  

A p p l i c a t i o n s .  One of  t h e  most impor tan t  a p p l i c a t i o n s  i n  t h e  b r a z i n g  

o f  s t a i n l e s s  s t ee l  i s  t h e  j o i n i n g  o f  t u b i n g  f o r  a i r c r a f t  h y d r a u l i c  o r  r o c k e t  

p r o p u l s i o n  f l u i d  sys tems.  The sys tem components are j o i n e d  by t h e  use  o f  

commercial ly manufactured b r a z i n g  f i t t i n g s .  These t echn iques  were developed 

by North American A v i a t i o n  f o r  u s e  i n  c o n s t r u c t i o n  o f  t h e  X- 1 5  and XB-70. 
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North American A v i a t i o n  a l s o  i n v e s t i g a t e d  t h e  f e a s i b i l i t y  o f  u s i n g  t h e s e  

b r a z i n g  t echn iques  and f i t t i n g s  f o r  r o c k e t  p ropu ls ion  f u e l  systems (Ref. 78). 

S tandard ized  procedures ,  f i t t i n g s ,  and equipment have now been developed and 

. a re  a v a i l a b l e  commercially f o r  f a b r i c a t i n g  s t a i n l e s s  s tee l  f l u i d  l i n e s  (Ref. 79).  

Two types  o f  f i t t i n g s  are a v a i l a b l e  and a r e  shown i n  F igure  33. 

a l l o y  i s  i n s e r t e d  i n  t h e  grooves  i n  t h e  f i t t i n g s .  For  b r a z i n g  Type 321 s t a i n l e s s  

s t ee l  tub ing ,  t h e  b r a z i n g  a l l o y  used i s  82 gold-18 n i c k e l .  A f t e r  t h e  ends of 

t h e  tubes  and t h e  f i t t i n g  are assembled,  a n  i n d u c t i o n  b r a z i n g  f i x t u r e  i s  p laced  

around t h e  assembly (F igure  34).  The i n t e r i o r  of t h e  f i x t u r e  i s  purged w i t h  

a rgon  g a s .  The b r a z i n g  a l l o y  i s  mel ted by i n d u c t i o n  h e a t i n g  t h e  f i t t i n g  and ends 

of t h e  t u b e s .  

elbows, and unions  f o r  t u b i n g  ranging from 1 / 4  inch  t o  2-112 i n c h  d iamete r .  

The b r a z i n g  

F i t t i n g s  f o r  Type 321 s t a i n l e s s  s t e e l  are a v a i l a b l e  a s  T ' s ,  

The s t eps  f o r  i n d u c t i o n  b r a z i n g  of  t u b i n g  a r e  as fo l lows  (Ref.  79):  

P repare  t u b e  ends  by removing a l l  b u r r s .  

Check tube s i z e .  The o u t s i d e  d iamete r  o f  t h e  t u b i n g  should be 0.003 2 

0.0005 inch  smaller t h a n  t h e  i n s i d e  d iamete r  of t h e  f i t t i n g .  S i z i n g  

t o o l s  are used t o  c o r r e c t  over  o r  under s i z e  of t h e  tub ing .  

Degrease tube  ends .  Remove s u r f a c e  ox ide  by g lass- bead  peening t h e n  

degrease  a g a i n  and d r y  w i t h  a c l e a n ,  l i n t - f r e e  c l o t h .  

A l i g n  t u b e s  w i t h  a s t r a i g h t e d g e .  

0.060 inch.  

Remove f i t t i n g  from t h e  p l a s t i c  bag i n  which i t  i s  packed. 

shou ld  wear c l e a n ,  L i n t - f r e e  c o t t o n  g loves .  

P lace  f i t t i n g  and b r a z i n g  a l l o y  r i n g s  i n  p l a c e  on ends o f  tub ing .  

P lace  b r a z i n g  t o o l  around j o i n t .  

Misalignment should n o t  exceed 

The o p e r a t o r  
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F I G U R E  3 3 .  F I T T I N G S  USED I N  INDUCTION BRAZING O F  
S T A I N L E S S  S T E E L  TUBES ( R e f .  79)  
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FIGURE 34 .  SCHEMATIC SET-UP OF TOOLING FOR INDUCTION BRAZING 
OF STAINLESS STEEL TUBING (Ref .  78) 
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( 8 )  I n i t i a t e  b r a z i n g  c y c l e  ( t h e  s t e p s  i n  t h e  b r a z i n g  c y c l e  sequence 

a u t o m a t i c a l l y ) .  

(9)  Remove t o o l ,  a l l o w  j o i n t  t o  c o o l  and i n s p e c t .  

Details of t h e s e  f a b r i c a t i o n  procedures  are d i s c u s s e d  i n  Reference 

I n d u c t i o n  brazed j o i n t s  i n  t u b i n g  have m e t  v a r i o u s  q u a l i f i c a t i o n  t e s t  

requ i rements  (Ref.  80). These t e s t s  have inc luded  b u r s t i n g  a t  t empera tu res  rang ing  

from - 3 2 0  F t o  1000 F,  t e n s i l e  t e s t s ,  l e a k  tes ts ,  shock tes ts ,  and r a d i o g r a p h i c  

examinat ion.  I n v e s t i g a t i o n s  a t  NASA have shown t h a t  i f  t h e  i n d u c t i o n  c u r r e n t  

h a s  t o o  h i g h  a f requency,  h e a t i n g  i s  c o n c e n t r a t e d  on t h e  o u t e r  s u r f a c e .  T h i s  

i n  t u r n  r e s u l t s  i n  e x c e s s i v e  j o i n t  c l e a r a n c e  due t o  nonuniform expansion o f  t h e  

j o i n t  f i t t i n g  (Ref. 81) .  

Brazing i s  used t o  j o i n  s t a i n l e s s  s teel  components of vacuum systems. 

Sound, vacuum- tight j o i n t s  can be brazed r e a d i l y  between s t a i n l e s s  s teel  t u b i n g ,  

bel lows,  and f i t t i n g s  p rov id ing  c e r t a i n  b a s i c  d e s i g n  p r i c i p l e s  are followed. 

These have been d i s c u s s e d  i n  a manual by t h e  U. S. Army E l e c t r o n i c s  Command 

(Ref.  8 2 ) .  I f  a t  a l l  p o s s i b l e ,  t h e  brazed j o i n t  should  be l o c a t e d  on t h e  h i g h  

vacuum s i d e  o f  t h e  components b e i n g  f a b r i c a t e d .  Th is  p rov ides  t h e  s h o r t e s t  p a t h  

between t h e  vacuum environment and t h e  atmosphere.  Thus, i f  a l e a k  should develop 

i n  t h e  j o i n t ,  i t  can be l o c a t e d  more q u i c k l y  and e a s i l y  by t h e  use  of l e a k  

d e c t e c t o r s  t h a n  i f  t h e  l e a k  would have a long path .  Typ ica l  d e s i g n s  f o r  tube  

t o  f l a n g e  brazed j o i n t s  are shown i n  F i g u r e s  35 and 36. Bellows should n o t  be 

brazed d i r e c t l y  t o  kn i fe- edge  f l a n g e s  as t h e r e  i s  a tendency t o  s o f t e n  t h e  k n i f e  

edge w i t h  a r e s u l t i n g  s h o r t e r  f l a n g e  l i f e .  I n s t e a d ,  t h e  bel lows shou ld  be brazed 

t o  a n  a d a p t e r  as shown i n  t h e  drawings.  

For vacuum s e r v i c e ,  Vacuum Tube Grade (V.T.G.) b r a z i n g  a l l o y s  shou ld  be 

s p e c i f i e d .  Th is  g rade  o f  a l l o y s  are v e r y  h i g h  p u r i t y  and have a v e r y  low p a r t i a l  

p r e s s u r e  r e q u i r e d  f o r  high-vacuum s e r v i c e .  

T h r u s t  chambers f o r  l i q u i d  f u e l e d  r o c k e t s  have been f a b r i c a t e d  from Type 347 
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0.0 30" brazing wire 

wire 

FIGURE 35. TYPICAL JOINTS USED FOR BRAZING 
STAINLESS STEEL BELLOWS TO 
FLANGE ADAPTERS FOR 
VACUUM SERVICE (Ref .  82) 
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FIGURE 36. TYPICAL B U Z E D  J O I N T S  BETWEEN STAINLESS STEEL TUBING AND 
FLANGES AND END CAPS FOR VACUUM SERVICE (Ref. 5 2 )  
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s t a i n l e s s  s tee l  tubes  brazed t o g e t h e r  (Ref. 8 3 ) .  A t y p i c a l  t h r u s t  chamber i s  

.shown i n  F i g u r e  3 7 .  The t u b e s  are assembled on a mandrel w i t h  powdered b r a z i n g  

a l l o y  a p p l i e d  t o  t h e  tube- to- tube  i n t e r f a c e .  The assembly t h e n  i s  s e a l e d  i n  a 

, r e t o r t  purged w i t h  d r y  hydrogen o r  i n e r t  g a s  and h e a t e d  t o  b raz ing  temperature  

i n  a fu rnace .  Various n icke l- base  b raz ing  a l l o y s  are used i n  t h i s  a p p l i c a t i o n .  

The n icke l- base  a l l o y s  have good c o m p a t i b i l i t y  wi th  t h e  r o c k e t  f u e l ,  t h e y  m e l t  

e i t h e r  a t  a s i n g l e  t empera tu re  o r  over  a narrow tempera tu re  range,  and w e t  and 

flow f r e e l y .  Some n i c k e l - b a s e  brazed j o i n t s  are b r i t t l e  and may have c r a c k s  

through a p o r t i o n  of t h e  j o i n t .  These j o i n t s  s e r v e  p r i m a r i l y  a s  seals between 

t h e  t u b e s  r a t h e r  t h a n  as s t r u c t u r a l  j o i n t s  s o  c rack ing  i s  n o t  a s e r i o u s  problem. 

Under proof t e s t i n g  and f i r i n g ,  t h e s e  c r a c k s  do not  seem t o  propagate ,  

SOLDERING 

S t a i n l e s s  s t ee l  i s  r a t h e r  d i f f i c u l t  t o  s o l d e r  because of t h e  chromium ox ide  

f i l m  p r e s e n t  on t h e  s u r f a c e  of s t a i n l e s s  s tee l s .  However, i f  t h e  proper measures 

are taken  t o  remove t h i s  f i l m ,  l e a k - t i g h t  j o i n t s  can be so ldered .  It must always 

be remembered, though, t h a t  s o l d e r e d  j o i n t s  are i n h e r e n t l y  weak u n l e s s  a n  

a u x i l i a r y  j o i n i n g  method i s  used t o  o b t a i n  t h e  d e s i r e d  s t r e n g t h .  St rong j o i n t s  

can  be o b t a i n e d  by s p o t  welding,  r i v e t i n g ,  o r  lock r o l l i n g  t h e  seam. The s o l d e r i n g  

o p e r a t i o n  t h e n  i s  used t o  seal  t h e  seam. 

The s u r f a c e s  of t h e  pa r t s  t o  be j o i n e d  must be c leaned  by degreas ing .  I f  

t h e  p a r t s  have a smooth p o l i s h e d  f i n i s h ,  t h e y  should be roughened by f i l i n g ,  

abrad ing  w i t h  emergy c l o t h ,  g r i n d i n g ,  o r  e t c h i n g  i n  a h y d r o c h l o r i c  a c i d  s o l u t i o n .  

The s o l d e r  w i l l  adhere  more r e a d i l y  t o  a roughened s u r f a c e  than  a po l i shed  s u r f a c e .  

Commercial f l u x e s  Any o f  t h e  conven t iona l  s o l d e r i n g  h e a t  sources  may be used.  

are a v a i l a b l e  f o r  s o l d e r i n g  s t a i n l e s s  s teel .  These f l u x e s  are more a c t i v e  t h a n  

t h e  f l u x e s  used f o r  carbon s teel .  The recommended a l l o y  t o  use  f o r  s o l d e r i n g  

155 



FIGURE 37 .  BRAZED ROCKET MOTOR THRUST CJMMBER OF 
TYPE 347 STAINLESS STEEL (Ref .  7 7 )  
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s t a i n l e s s  s t ee l  i s  70 t i n- 3 0  l e a d .  However, any t i n - l e a d  s o l d e r  c o n t a i n i n g  a t  

* l e a s t  50 percen t  t i n  c a n  be used.  So lder  a l l o y s  w i t h  less t h a n  50 percen t  t i n  

s i n c e  t h e y  have lower w e t t a b i l i t y  and do n o t  f low i n t o  t h e  j o i n t  as r e a d i l y .  

For b e s t  r e s u l t s ,  t h e  s u r f a c e s  t o  be j o i n e d  should be t i n n e d  i n  advance t o  improve 
P 

t h e  f low of t h e  s o l d e r .  

A f t e r  s o l d e r i n g ,  a l l  f l u x  r e s i d u e s  shou ld  be removed w i t h  water as t h e s e  

are  h i g h l y  c o r r o s i v e  and can cause  p i t t i n g  o f  t h e  s t a i n l e s s  s t e e l .  

DISSIMILAR METALS 

O c c a s i o n a l l y ,  t h e r e  i s  a need t o  j o i n  two d i f f e r e n t  t y p e s  of  s t a i n l e s s  s t e e l  

t o g e t h e r , t o  j o i n  a s t a i n l e s s  s t e e l  t o  a low-alloy s t e e l  o r  carbon s t e e l ,  o r  t o  

o v e r l a y  Geld a carbon o r  low- al loy s t ee l  w i t h  a s t a i n l e s s  s t e e l  d e p o s i t  t o  

provide c o r r o s i o n  p r o t e c t i o n .  Arc welding,  b r a z i n g ,  and d i f f u s i o n  bonding have 

been u t i l i z e d  i n  making t h e s e  j o i n t s .  

The d i f f i c u l t i e s  which may a r i s e  when j o i n i n g  d i s s i m i l a r  metals depend mainly  

on t h e  composi t ion d i f f e r e n c e  between t h e  metals t o  be j o i n e d .  I f  t h e  composi t ions  

a r e  s imi lar ,  a s  i n  t h e  case of  two t y p e s  of 3 0 0- s e r i e s  s t a i n l e s s  s tee ls ,  problems 

are r e l a t i v e l y  minor. I f  t h e  composi t ions  are r a d i c a l l y  d i f f e r e n t ,  as j o i n i n g  

aluminum t o  s t a i n l e s s  s t e e l ,  s p e c i a l i z e d  t echn iques  must be used t o  avoid  s e r i o u s  

problems. The problems s t e m  from t h e  mixing o f  t h e  two d i f f e r e n t  m e t a l s  d u r i n g  

j o i n i n g ,  p a r t i c u l a r l y  i n  a r c  welding.  I f  t h e  meta l s  d i f f e r  wide ly  i n  composi t ion,  

b r i t t l e  phases may form i n  t h e  weld metal. These weld j o i n t s  may c r a c k  o r  w i l l  

have i n f e r i o r  mechanical  p r o p e r t i e s ,  

Mixing of t h e  two metals must be minimized t o  produce a c c e p t a b l e  weld j o i n t s .  

I n  arc welding,  mixing o f  t h e  two base  metals and t h e  f i l l e r  m e t a l  i s  a n a t u r a l  
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r e s u l t  o f  t h e  p e n e t r a t i o n  o f  t h e  base  metals by t h e  welding arc. Normally, t h e r e  

i s  less p e n e t r a t i o n  and m e l t i n g  of t h e  base  metal w i t h  s h i e l d e d  metal-arc o r  short-  

c i r c u i t i n g  GMA welding t h a n  w i t h  t h e  o t h e r  arc-welding p rocesses .  P e n e t r a t i o n  

can  be kep t  low by d i r e c t i n g  t h e  welding a r c  a t  t h e  weld puddle i n s t e a d  of a t  t h e  - 
unmelted base  metal, a v o i d i n g  weaving, and keeping t h e  c u r r e n t  as low as p r a c t i c a l .  

Care fu l  s e l e c t i o n  o f  t h e  welding e l e c t r o d e  o r  f i l l e r  w i r e  should  be e x e r c i s e d .  

F i l l e r  metals  f o r  welding v a r i o u s  combinat ions  of s t a i n l e s s  s tee l s  were l i s t e d  

i n  Tab le= ,  I n  welding e i t h e r  a chromium-nickel o r  a chromium s t a i n l e s s  s t ee l  

t o  a carbon o r  low- al loy s t ee l  o r  t o  each o t h e r ,  b e s t  r e s u l t s  u s u a l l y  a r e  ach ieved  

u s i n g  a Type 309 o r  312 e l e c t r o d e  o r  f i l l e r  metal. Type 310 f i l l e r  a l s o  i s  used 

o c c a s i o n a l l y .  However, d i l u t i o n  of t h e  weld metal by t h e  carbon o r  low- al loy 

s t e e l  base  metal may produce a c r a c k- s e n s i t i v e  weld-metal composi t ion due t o  

a v e r y  h i g h  f e r r i t e  c o n t e n t .  The S c h a e f f l e r  diagram should s e r v e  as a gu ide  i n  

s e l e c t i n g  a f i l l e r  metal t h a t  w i l l  produce a weld metal  w i t h  a l o w- f e r r i t e  c o n t e n t ,  

It may even be a d v i s a b l e  t o  use  a f u l l y  a u s t e n i t i c  e l e c t r o d e ,  such as Type 310, 

t o  prevent  t h e  fo rmat ion  of a hardenab le  weld metal  o r  e x c e s s i v e  amounts of 

f e r r i t e  (Ref. 1 0 ) .  

Base-metal d i l u t i o n  can be c o n t r o l l e d  by u s i n g  a b u t t e r i n g  t echn ique .  The 

j o i n t  f a c e  of t h e  carbon o r  a l l o y  s t e e l  i s  b u t t e r e d  w i t h  a l a y e r  of s t a i n l e s s  

s t ee l  b e f o r e  t h e  j o i n t  i s  welded (F igure  38).  Welding c o n d i t i o n s  f o r  t h e  

b u t t e r e d  l a y e r  a r e  s e l e c t e d  t o  minimize d i l u t i o n .  The j o i n t  i s  completed i n  

t h e  r e g u l a r  manner us ing  a n  e l e c t r o d e  o r  f i l l e r  w i r e  t h a t  i s  compat ible  w i t h  

t h e  s t a i n l e s s  s t e e l  base  metal. 

A copper- n icke l  e l e c t r o d e ,  E 4 N l A ,  has  been used f o r  s t a i n l e s s  s t e e l- c a r b o n  

s tee l  welding (Ref.  10). The weld metal t h a t  i s  produced can t o l e r a t e  cons idera-  

b l e  d i l u t i o n  wi thou t  c r a c k i n g  o r  developing i n f e r i o r  mechanical  p r o p e r t i e s .  



Low-alloy Stainless I 

Buttered"  layer of Type 310 i stainless steel 

Weld joint completed using 
stainless steel f i l ler metal 
compatible with stainless steel 

base metal  

III 

FIGURE 38.  WELDING STAINLESS STEEL TO LOW-ALLOY STEEL 
USING l f ~ ~ ~ ~ ~ ~ ~ ~ ~ l l  TECHNIQUE 
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The low- al loy s t e e l  t h a t  i s  welded t o  t h e  s t a i n l e s s  s teel  may r e q u i r e  post -  

weld h e a t  t r e a t i n g  t o  deve lop  i t s  b e s t  p r o p e r t i e s .  

t r e a t m e n t  i n  t h e  1250-1300 F range may be necessa ry  t o  restore d u c t i l i t y  and 

impact r e s i s t a n c e  t o  t h e  a l l o y  s teel .  

impa i r s  t h e  c o r r o s i o n  r e s i s t a n c e  o f  t h e  s t a i n l e s s  s t ee l .  

t empera tu res  may c a u s e  t r a n s f o r m a t i o n  and subsequent  hardening o f  t h e  a l l o y  

A compromise is  t o  a n n e a l  f o r  abou t  a n  hour  a t  1300 F (Ref. 84) .  

For  example, a n  a n n e a l i n g  

Heat ing i n  t h i s  t empera tu re  range,  however, 

Heat ing t o  much h i g h e r  

s tee l .  

I n c r e a s i n g  i n t e r e s t  i s  be ing  shown i n  t h e  j o i n i n g  of s t a i n l e s s  s t ee l  t o  

aluminum p a r t i c u l a r l y  f o r  r o c k e t - f u e l  systems and m i l i t a r y  v e h i c l e  a p p l i c a t i o n .  

F rankford  Arsena l  developed procedures  f o r  a r c  welding carbon s tee l  t o  2024 

aluminum t h a t  cou ld  be adap ted  t o  j o i n i n g  s t a i n l e s s  s t ee l  t o  aluminum (Ref.85).  

The s t e e l  w a s  p recoa ted  w i t h  aluminum (aluminum z i n c ) ,  t i n  ( g a l v a n i z i n g ) ,  o r  

s i l v e r - b r a z i n g  a l l o y .  

12 p e r c e n t  s i l i c o n  f i l l e r  w i r e .  

m e l t i n g  of t h e  s tee l .  

B u t t , a n d  T- j o i n t s  were made by GTA welding us ing  aluminum- 

The arc  was d i r e c t e d  a t  t h e  aluminum t o  prevent  

S t a i n l e s s  s tee l  can be welded t o  n i c k e l - b a s e  s u p e r a l l o y s  u s i n g  H a s t e l l o y  X 

f i l l e r  w i r e  (Ref. 8 6 ) .  Hanford L a b o r a t o r i e s  s t u d i e d  t h e  j o i n i n g  of Type 316, 

316L, and 347 s t a i n l e s s  s t e e l  pipe  t o  H a s t e l l o y  X and C and Haynes Al loy  25 'by  

GTA welding.  With H a s t e l l o y  W f i l l e r  wire ,sound weld j o i n t s  were produced p rov id ing  

t h e  j o i n t s  were not  r e s t r a i n e d  and welding c o n d i t i o n s  were s e l e c t e d  t o  minimize 

h e a t  b u i l d u p  i n  t h e  j o i n t  a r e a .  

Braz ing  i s  an e x c e l l e n t  method of making j o i n t s  between s t a i n l e s s  s t ee l  and 

o t h e r  metals. 

base  metals cannot  mix. 

bonding w i t h  bo th  metals. 

S ince  m e l t i n g  of t h e  base  metal does n o t  occur  i n  b r a z i n g ,  t h e  

However, t h e  b r a z i n g  a l l o y  must be one t h a t  a c h i e v e s  good 

Another v e r y  impor tan t  f a c t o r  t o  be cons idered  when 

160 



brazing dissimilar metals is the difference in thermal expansion of the two 

. metals. Joints must be designed so that the clearance between parts at brazing 

temperature will promote capillary flow of the brazing metal. The nomograph, 

. Figure 39,  will assist in calculating the proper clearances. The coefficients 

of expansion of some metals and alloys of interest are given in Table XXXIV. 

The useful brazing filler metals were given in Tables XXXII and XXXIII. 

Corrosion resistance should also be an important consideration when choosing 

the joint design and brazing filler metal for dissimilar metals joints. The 

subject is too complex for coverage in this report. Corrosion handbook data are 

not always directly applicable to brazed assemblies due to the dissimilar metal 

corrosion couples involved. 

laboratory studies should be used to establish the feasibility of a particular 

joint system in a particular corrosive environment. 

Unless directly relative data are available, 

North American Aviation developed techniques for brazing Type 304L stainless 

steel to 6061 aluminum (Ref. 87). The purpose of this joining operation is to 

join stainless steel tubing to aluminum tubing for a space vehicle liquid 

propellant system. The steps involved in this operation are: 

(1) The stainless steel is tinned with an electroless nickel plate followed 

by an electrolytically deposited tin coating of 0.0001 to 0.0003 inch 

thickness. 

(2) The aluminum is cleaned immediately prior to brazing by hot alkaline 

and mixed deoxidizer bath. 

(3 )  The joint is assembled. A telescoping-type joint is used with the 

aluninum on the outside. By having the aluminum alloy with its higher 

thermal expansion on the outside, brazing can be done without inducing 

thermal stresses in the joint. Joint clearance is 0.001 to 0.004 
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0, in. 

-4 y 

- 3: 
-2- 

- 
-I - 

NOTES: 

AT, deg F 

'8001 

fa* - a , )  

h CO, in. (= IO-%n./in./ F) 
- 9 1  

1000 

900 

-0.050 
-0.040 
-0.030 
-0.020 

sample problem t 
t -0.001 
Sample problem : 

Given: D =  2-1/2" 
AT = 1180 F 
(Q2- I 1 = -3.0 x 

Sol ut ion : 
AC = -0.009in. 

( I  1 This nomograph gives change in Uiameter caused by heating. Clearance 
to promote brazing filler metal flow must be provided at brazing temp. 

( 2 )  D = nominal diameter of joint, inches 

CD = change in clearance, inches 
T = brazing temp minus room temp, F 
QI = mean coefficient of thermal expansion, male member, in./in./deg F 
Q2= mean coefficient of thermal expansion, female member, in./in./deg F 

This nomograph assumes a case where 01 exceeds Q2,  so that scale value 
for ( a 2  -a1 1 is negative. Resultant values for ACD are therefore also negative, 
signifying that the joint gap reduces upon heating. Where (a2 - (2 I 1 is posl- 
tive, values of ACDare read as positive, signifying enlargement of the joint 
gap upon heating 

(3) 

FIGURE 39. NOMOGRAPH FOR FINDING THE CHANGE IN DIAMETRAL CLEARANCE 
IN JOINTS OF DISSIMILAR METALS FOR A VARIETY OF 
BRAZING SITUATIONS ( R e f .  77) 
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TABLE XXXIV.  COEFFICIENT OF THERMAL EXPANSION OF SOME COMMON ALLOYS 

Type 302 stainless steel, annealed and cold rolled 

{Type 321 stainless- steel, annealed=and cold rolled 
;Type 410 stainiess steel, annealed and heat treated 

I !Type 304L stainless steel, annealed 
1 

/Ai% 350, sol. treated and hard,ened 
115-7M0, Condition Ti 1050 
!17-7 PH, Condition TI3 1050 
A 286, sol. treated, quenched 'and aged 
AfSi 4340 steel, annealed 
AISi 1020 steel, annealed 

I 

RfXb 41 
lIncone1, annealed 
IInconel X, annealed 
pickel 

8 ..o < 1 

8.0 ' /  

i 8 .3  

5.1 
6 . 8  

6.1 I 

6.i 
9.4 
6.3 
6.5 

7 '5  

1 

6.4 
7.6 
7.2 

Aliininuni 13.1 
\Tungsten, sintered 2.2 
i 

/Nolybdenum, 1/2% Ti, stress relieved 3.4 
'Tancalm, annealed 3.6 
ColumSium, annealed 4.0 
Ticaniuin, commercially pure 4.7 
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i n c h  f o r  1/4-  t o  l - i n c h  d iamete r  t u b i n g  and 0.001 t o  0.006 f o r  l - t o  

3- inch- diameter  tub ing .  

( 4 )  A r i n g  of b r a z i n g  a l l o y ,  718 aluminum, i s  p rep laced  i n  t h e  j o i n t .  

(5) The assembly i s  preheated t o  400 t o  900 F and t h e n  s a l t - b a t h  brazed.  ’ 

The prehea t  t empera tu re  depends on t h e  s i z e  o f  t h e  assembly compared 

t o  t h e  s i z e  o f  t h e  s a l t  b a t h .  A f t e r  b r a z i n g ,  t h e  assembly i s  coo led  

i n  a i r  o r  wa te r  s p r a y  and t h e n  c leaned  o f  a l l  r e s i d u a l  s a l t .  

For  some d i s s i m i l a r  metal combinat ions  t h e r e  may no t  be any u s a b l e  b r a z i n g  

a l l o y .  I n  t h e s e  s i t u a t i o n s ,  d i f f u s i o n  bonding h a s  been used w i t h  good s u c c e s s .  

The Boeing Company developed procedures  f o r  d i f f u s i o n  bonding th in- wal led  Type 321 

s t a i n l e s s  s tee l  c y l i n d e r s  t o  2219 aluminum c y l i n d e r s  (Ref. 88). T h i s  a p p l i c a t i o n  

i s  same as t h a t  f o r  which s t a i n l e s s  s t e e l  was brazed t o  aluminum by North American 

A v i a t i o n  ( r o c k e t - f u e l  p ropu ls ion  sys tem) .  However, b r a z i n g  cou ld  n o t  be used i n  

t h i s  c a s e  because no s u i t a b l e  b r a z i n g  a l l o y  i s  a v a i l a b l e  t h a t  can  be used f o r  d i p  

b r a z i n g  2219 aluminum. 6061 aluminum cou ld  be used as a t r a n s i t i o n  r i n g  between 

t h e  2219 and s t a i n l e s s  s t e e l .  Th i s  t echn ique  i s  s a t i s f a c t o r y  f o r  smal l- diameter  

t u b i n g .  The a p p l i c a t i o n  i n  q u e s t i o n ,  however, w a s  f o r  v e r y  l a r g e  d iamete r  

(20 t o  50 inch)  p ipes  and t h e  t o o l i n g  problems were e x c e s s i v e .  The d i f f u s i o n -  

bonding procedure t h a t  was developed i s  a p p l i c a b l e  t o  both  l a r g e  and s m a l l  

d i amete r  par ts .  

For bonding,  bo th  t h e  s t a i n l e s s  s t ee l  and aluminum a r e  s i l v e r  p l a t e d  (0.0004 

t o  0.0005 i n c h  t h i c k ) .  The s t a i n l e s s  s t ee l  and aluminum t h e n  are assembled over  

a s t a i n l e s s  s tee l  mandrel (F igure  4 0 ) .  A low- al loy s t ee l  r i n g  i s  shrunk f i t  over  

t h e  assembly.  For bonding, t h e  e n t i r e  s e t u p  i s  h e a t e d  t o  500 F f o r  2 t o  4 hours .  

The d i f f e r e n c e  i n  thermal  expansion of t h e  s t a i n l e s s  s t e e l  mandrel and t h e  low- 

a l l o y  s tee l  r i n g  squeezes  t h e  s t a i n l e s s  s tee l  and aluminum t o g e t h e r  a t  t h e  j o i n t .  

(The s t a i n l e s s  s teel  mandrel  expands m o r e -t h a n  does t h e  low- alloy s t e e l  r i n g . )  

The combination of t h e  squeezing p r e s s u r e  (20 t o  25 k s i )  and 
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321 SST tube 

321 SST mandrel 

Low-a I loy steel ring 
-installed by heating 
and shrinking onto 
assembly 

2219 aluminum alloy 
ring 

FIGURE 40. DIFFERENTIAL THERMAL EXPANSION TOOLING 
FOR DIFFUSION BONDING O F  S T A I N U S S  
STEEL TO ALUMINUM (Ref. 88) 
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t h e  h igh  temperature a f f e c t s  a d i f f u s i o n  bond between t h e  s t a i n l e s s  s tee l  and 

aluminum. Twenty-inch diameter j o i n t  assemblies  succes s fu l ly  passed c y c l i c  

pressure tes ts  a t  room temperature and -320 F and exh ib i t ed  b u r s t  t e s t  p ressures  

up t o  670 psig a t  -320 F. This b u r s t  pressure i s  equiva len t  t o  a hoop stress 

of 53,600 p s i  which exceeds the  y i e l d  s t r e n g t h  of t he  aluminum a l l o y  a t  -320 F. 

J O I N T  QUALITY 

S t a i n l e s s  s teels  a r e  h igh- qual i ty  ma te r i a l s  and i t  i s  e s s e n t i a l  t h a t  welds 

made i n  t hese  a l l o y s  be of high q u a l i t y .  S t a i n l e s s  s t e e l s  a r e  s e l e c t e d  f o r  use 

because of t h e i r  super ior  cor ros ion  r e s i s t ance ,  h e a t  r e s i s t a n c e ,  appearance, 

s t r e n g t h ,  toughness, o r  formabi l i ty .  I f  t h e  end product i s  t o  meet these  require-  

ments and perform s a t i s f a c t o r i l y  i n  s e r v i c e ,  t he  weld must be of adequate q u a l i t y .  

INSPECT ION 

S t a i n l e s s  s t e e l  weldments are inspected both d e s t r u c t i v e l y  and nondestruct ively.  

Nondestructive inspec t ions  are almost always performed, but d e s t r u c t i v e  inspec t ion  

genera l ly  i s  performed only occas iona l ly  on completed product j o i n t s .  It i s  o f t e n  

necessary and d e s i r a b l e  t o  check changes i n  dimensions t h a t  may have r e s u l t e d  

from welding. The v i s u a l -  and measurement-type inspec t ions  performed f o r  t h i s  

purpose may a l s o  include checks of weld- joint  p r o f i l e  and measurements of t h e  weld 

thickness .  Various in spec t ion  procedures a l s o  a r e  used t o  i n su re  t h a t  the  j o i n t s  

produced are of s a t i s f a c t o r y  q u a l i t y .  The most commonly used techniques i n  t h i s  

area inc lude  v i s u a l ,  dye penet ran t ,  and X-ray techniques.  Various types of leak  

tests are a l s o  used on components designed t o  con ta in  gases o r  f l u i d s .  

DEFECTS I N  ARC WELDS 

The d e f i n i t i o n  of j o i n t  de fec t s  i s  a r b i t r a r y .  Many years  of experience 

have been gained wi th  welding codes and s p e c i f i c a t i o n s  t h a t  e i t h e r  p roh ib i t  o r  
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a l low c e r t a i n  f e a t u r e s  cha rac t e r i zed  as de fec t s .  Features  recognized as de fec t s  

are gene ra l ly  l imi t ed  i n  accordance with conservat ive p rac t i ce s .  This appraach 

t o  de fec t s  has  been q u i t e  successfu l  i n  t he  p a s t ,  but  is of some concern when 

dea l ing  wi th  many of t h e  newer materials being used i n  var ious  types of f ab r i ca t ion .  

This  concern i s  based on the  b e l i e f  t h a t  t he  removal of  c e r t a i n  types  of f ea tu re s  

c l a s s i f i e d . a s  nonallowable d e f e c t s  o f t e n  r e s u l t s  i n  more damage t o  t h e  s e r v i c e a b i l i t y  

of a s t r u c t u r e  than t h e  damage t h a t  p o t e n t i a l l y  might have been done by al lowing 

the  f ea tu re  t o  remain. The re luc tance  of many welding engineers  t o  r e p a i r  c e r t a i n  

f e a t u r e s  i s  based on t h i s  f e e l i n g ,  not  on a d e s i r e  t o  make the  welding job easier. 

The f a b r i c a t i o n  of  de fec t- f r ee  welds i s  h ighly  dependent on the  q u a l i t y  requi re-  

ments of app l i cab le  s p e c i f i c a t i o n s  and on the  inspec t ion  methods t h a t  a r e  used. 

However, cracked welds can and do g e t  i n t o  s e rv i ce  i f  inspec t ion  methods t h a t  

w i l l  i n su re  de t ec t ing  a l l  c racks  present  i n  a weld are not requi red  and used. 

The only r e l i a b l e  way t o  determine what weld f e a t u r e s  a r e  t r u l y  de fec t s  i s  

t o  eva lua te  the  e f f e c t s  of such f e a t u r e s  i n  a t e s t  program. Such a n  eva lua t ion  

must include t e s t s  t h a t  are r ep resen ta t ive  of t he  se rv i ce  condit ions.  Many 

d e f e c t - l i k e  weld f e a t u r e s  have no e f f e c t  on the  s t a t i c - t e n s i o n  p rope r t i e s  of 

the  weld. 

s e r i o u s l y  i n  a f a t i g u e  tes t .  

However, these  same f e a t u r e s  may be found t o  degrade performance 

With the  knowledge c u r r e n t l y  ava i l ab l e  about t he  performance of fus ion  

weldments, a conserva t ive  engineering approach t o  d e f e c t s  should be followed. 

The ch ie f  causes of poor weld q u a l i t y  are: poros i ty ,  cracking,  improper 

pene t ra t ion ,  and poor bead contour (Figure 41) .  For s t a i n l e s s  s t e e l s ,  care  a l s o  

must be taken t o  i n su re  t h a t  t h e  j o i n t  has  s a t i s f a c t o r y  cor ros ion  r e s i s t ance .  Some 

de fec t s  can be t r aced  t o  poor welding p rac t i ce s  while o t h e r s  are caused by such 

th ings  as improper j i gg ing ,  poor j o i n t  design,  damp e l ec t rodes ,  and poor c leaning  

p r a c t i c e s .  
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FIGURE 41. ARC-WELD DEFECTS 
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P o r o s i t y .  P o r o s i t y  i n  s t a i n l e s s  s tee l  welds i s  caused p r i m a r i l y  by d i r t  

and g r e a s e  on t h e  par ts  be ing  welded o r  on t h e  e l e c t r o d e .  The h e a t  from t h e  

welding arc v a p o r i z e s  t h e s e  materials  and t h e  vapor  produces g a s  pocke t s  as 

the weld metal s o l i d i f i e s .  A l l  pa r t s  shou ld  be c l e a n  b e f o r e  welding.  T h i s  

i n c l u d e s  t o o l s ,  j i g s ,  o r  even t h e  o p e r a t o r ’ s  hands o r  g l o v e s .  

Welding p r a c t i c e s  t h a t  r e s u l t  i n  poor s h i e l d i n g  o f  t h e  a r c  and mol ten  weld 

puddle a l s o  cause  p o r o s i t y .  I n  s h i e l d e d  m e t a l - a r c  welding,  poor s h i e l d i n g  can  

occur  i f  t h e  e l e c t r o d e  is  a t  t h e  wrong a n g l e  o r  t h e  arc i s  t o o  long.  I n  t h e  

i n e r t - g a s  s h i e l d e d  p r o c e s s e s ,  t h e  wrong p o s i t i o n ,  improper f low of  s h i e l d i n g  g a s ,  

o r  d r a f t s  c a n  d i s r u p t  t h e  g a s  s h i e l d .  

Cracking.  The c r a c k i n g  o f  weld j o i n t s  i s  t h e  most s e r i o u s  d e f e c t  t h a t  

c a n  occur  i n  the welding o f  any metal ,  s t a i n l e s s  s t e e l  inc luded .  Cracked welds 

are weak. Cracks on t h e  s u r f a c e  o f  s t a i n l e s s  s t e e l  welds  exposed t o  c o r r o s i v e  

l i q u i d s  are good l o c a t i o n s  f o r  c o r r o s i o n  t o  s tar t .  

Cracking may occur  i n  t h e  weld metal.  Cracks may v a r y  i n  s i z e  from micro-  

s c o p i c  t o  g r o s s  c r a c k s  e a s i l y  s e e n  by t h e  unaided eye.  Weld-metal c r a c k i n g  

u s u a l l y  may be t r a c e d  t o  m e t a l l u r g i c a l  c a u s e s  and t h e  s e l e c t i o n  of  t h e  p roper  

f i l l e r  metal  composi t ion does much t o  minimize t h i s  problem. Th i s  i s  p a r t i c u l a r l y  

t r u e  when b a l a n c i n g  t h e  weld-metal  f e r r i t e  c o n t e n t .  Fore ign  matter  t h a t  c a n  

i n t r o d u c e  s u l f u r  i n t o  t h e  weld metal can  c a u s e  c r a c k i n g  (Ref. 17 ,18) .  S t i l l  

a n o t h e r  source  of  c r a c k i n g  i s  copper  t h a t  might be p icked up from a backup b a r  

o r  hold-down clamp. 

Cracking i n  t h e  h e a t - a f f e c t e d  zone of  t h e  weld j o i n t  u s u a l l y  i s  a c h a r a c t e r i s t i c  

of  t h e  p a r t i c u l a r  base-metal  composi t ion b e i n g  used. These c r a c k s  are  a r e s u l t  o f  

a combinat ion o f  t h e  l o s s  o f  d u c t i l i t y  of t h e  base  metal due t o  t h e  thermal  c y c l e  
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and t h e  s t r a i n s  imposed by h e a t i n g  and coo l ing .  

by changing t h e  welding procedure ( d e c r e a s i n g  t h e  s i z e  o f  t h e  weld p a s s ) ,  removing 

e x t e r n a l  r e s t r a i n t  on  t h e  weld j o i n t ,  o r ,  sometimes by changing t h e  weld-metal 

composit ion.  P r e h e a t i n g  when welding t h e  ha rdenab le  s t a i n l e s s  s tee ls  a l s o  i s  

h e l p f u l .  

Th i s  type o f  c r a c k i n g  i s  minimized 

Improper P e n e t r a t i o n .  T h i s  can mean n o t  enough p e n e t r a t i o n  ( incomplete  

p e n e t r a t i o n )  o r  l a c k  o f  f u s i o n ,  o r  t o o  much p e n e t r a t i o n  (excess  p e n e t r a t i o n ) .  

A weld j o i n t  t h a t  does n o t  have enough p e n e t r a t i o n  i s  n o t  g e t t i n g  enough welding 

h e a t .  T h i s  u s u a l l y  means t h a t  t h e  c u r r e n t  i s  t o o  low o r  t h e  t r a v e l  speed i s  t o o  

high.  The converse  i s  t r u e  when e x c e s s i v e  p e n e t r a t i o n  o c c u r s ,  The l o c a t i o n  of 

t h e  a r c  w i t h  r e l a t i o n  t o  t h e  molten puddle and t h e  p o s i t i o n  of t h e  e l e c t r o d e  a l s o  

i n f l u e n c e  t h e  amount o f  p e n e t r a t i o n  t h a t  i s  ob ta ined .  

* 

Poor Bead Contour. The shape o r  con tour  o f  t h e  weld bead can be a f f e c t e d  

by i n c o r r e c t  welding c o n d i t i o n s .  Undercut and o v e r l a p  are p a r t i c u l a r l y  s e r i o u s  

i n  s t a i n l e s s  s t ee l  welds.  Both of t h e s e  c o n d i t i o n s  l eave  a c r e v i c e  o r  notch 

which i s  a good p lace  f o r  c o r r o s i o n  t o  s t a r t ,  p a r t i c u l a r l y  i f  t h e  w e l d  i s  under 

load a t  t h e  same t i m e .  The notch t h a t  i s  formed a l s o  is a s t ress  raiser t h a t  could 

cause  f a i l u r e  o f  the j o i n t  a t  r e l a t i v e l y  low loads .  

Poor Cor ros ion  R e s i s t a n c e .  Carbide  p r e c i p i t a t i o n  i s  t h e  most f r e q u e n t l y  

encountered cause  of poor c o r r o s i o n  r e s i s t a n c e  i n  s t a i n l e s s  s tee l  welds.  T h i s  

problem w a s  d i s c u s s e d  i n  t h e  s e c t i o n  on M e t a l l u r g i c a l  F a c t o r s  i n  t h e  Welding 

of S t a i n l e s s  S t e e l .  Carbide p r e c i p i t a t i o n  i s  r e l a t e d  t o  t h e  carbon c o n t e n t  

o f  t h e  weld metal. Enough carbon can  be picked up from d i r t ,  g r e a s e ,  and o t h e r  

f o r e i g n  matter t o  cause  c a r b i d e  p r e c i p i t a t i o n ,  even i n  t h e  low-carbon o r  s t a b i l i z e d  

g rades  of s t a i n l e s s  s tee l .  
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S t r e s s  c o r r o s i o n  may be encoun te red  i f  t h e  weld j o i n t  s e e s  s e r v i c e  i n  c e r t a i n  

environments ,  p a r t i c u l a r l y  one t h a t  c o n t a i n s  c h l o r i d e .  The weld j o i n t  must be 

under stress f o r  t h i s  type  o f  c o r r o s i o n  t o  occur .  

procedures  t h a t  minimize r e s i d u a l  stresses are h e l p f u l  i n  p reven t ing  t h i s  type  

o f  c o r r o s i o n .  

J o i n t  d e s i g n s  and welding 

A weld j o i n t  t h a t  h a s  incomplete  p e n e t r a t i o n ,  undercu t ,  p r o t r u s i o n s ,  o r  

o t h e r  s u r f a c e  d i s c o n t i n u i t i e s  such as backing r i n g s  o r  e x c e s s i v e  p e n e t r a t i o n  

may be s u b j e c t  t o  c r e v i c e  c o r r o s i o n ,  Fore ign  material c a n  c o l l e c t  i n  t h e s e  

d i s c o n t i n u i t i e s  and i s o l a t e  t h e  s u r f a c e  of t h e  s t a i n l e s s  s tee l  from t h e  

su r round ing  environment.  I n  a f l u i d  environment,  a d i f f e r e n c e  i n  c o n c e n t r a t i o n  

of t h e  f l u i d  o r  oxygen c o n t e n t  may be c r e a t e d  between t h e  i s o l a t e d  s u r f a c e  and 

o t h e r  exposed s u r f a c e s  o f  t h e  s t a i n l e s ;  s t e e l .  

anod ic  and c a t h o d i c  areas t o  be formed w i t h  subsequent  c o r r o s i v e  a t t a c k  i n  t h e  

c r e v i c e  (Ref.  11) .  T h i s  i s  known as c r e v i c e  c o r r o s i o n .  

These d i f f e r e n c e s  w i l l  cause' 

DEFECTS I N  RES ISTANCE WELDS ' 

C h a r a c t e r i s t i c s  d e s c r i b e d  as d e f e c t s  i n  r e s i s t a n c e  welds are d i f f i c u l t  t o  

assess. D e f e c t s  i n  r e s i s t a n c e  welds  are g e n e r a l l y  subd iv ided  i n t o  e x t e r n a l  and 

i n t e r n a l  d e f e c t s .  With t h e  e x c e p t i o n  of  c r a c k s  t h a t  are exposed t o  t h e  e x t e r i o r  

o f  t h e  s h e e t s  and tha t  are o b v i o u s l y  u n d e s i r a b l e ,  t h e  remaining e x t e r n a l  d e f e c t s  

are probably  c o n s i d e r e d  as such because  t h e y  are i n d i c a t i v e  ' t h a t  t h e  welding 

c o n d i t i o n s  may not have been e x a c t l y  r i g h t .  

are s h e e t  p r e p a r a t i o n ,  s u r f a c e  p i t s ,  metal e x p u l s i o n ,  t i p  p ickup,  and e x c e s s i v e  

i n d e n t a t i o n .  With i n t e r n a l  d e f e c t s ,  c r a c k s  are o b v i o u s l y  u n d e s i r a b l e ,  b u t  t h e r e  

is  v e r y  l i t t l e  ev idence  t h a t  p o r o s i t y  i n  minor amounts i s  harmful  t o  p r o p e r t i e s .  

The same i s  t r u e  of  e i t h e r  i n s u f f i c i e n t  o r  e x c e s s i v e  p e n e t r a t i o n .  T y p i c a l  

d e f e c t s  i n  r e s i s t a n c e  s p o t  and seam welds and t h e i r  causes  are g i v e n  i n  F i g u r e  42 

(Ref. 89 ) .  

E x t e r n a l  d e f e c t s  i n  t h i s  c a t e g o r y  
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FIGURE 42 .  COMMON DEFECTS IN RESISTANCE-SPOT AND SEAM WELDS 
AND THEIR CAUSES (Ref. 85) 
(Prevalent causes in order of importance) 
Courtesy of Allegheny Ludlum S tee1 Corporation. 
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CONCLUSIONS AND RECOMMENDATIONS 

The technology of  jo i i i ing  s t a i n l e s s  s tee l s  h a s  been w e l l  developed o v e r  a 

per iod  o f  many y e a r s .  Most o f  t h e  problems r e l a t e d  t o  j o i n i n g  s t a i n l e s s  s t ee l s  

have been s o l v e d  throslgh e x t e n s i v e  r e s e a r c h  e f f o r t s .  A t  p r e s e n t ,  s t a i n l e s s  s tee ls  

can be r e a d i l y  j o i n e d  by any o f  t h e  conven t iona l  welding p r o c e s s e s ,  by b r a z i n g ,  

and b;: s o l i d - s t a t e  bonding. However, niimerous p reca i i t ions  must be  followed t o  

i n s u r e  h i g h - q u a l i t y  j o i n t s .  These p r e c a u t i o n s  have g e n e r a l l y  been adopted i n t o  

t h e  s t a n d a r d  p r o c e d t r e s  recommended f o r  j o i n i n g  s t a i n l e s s  s t e e l s .  

Some a s p e c t s  of j o i n i n g  s t a i n l e s s  s t ee l  s t i l l  r e q u i r e  s t u d y  and development. 

Most of t h e s e  problem a r e a s  have come aboiit through t h e  u s e  of s t a i n l e s s  s t ee l s  i n  

new a p p l i c a t i o n s ,  more s t r i n g e n t  d e s i g n  o r  s e r v i c e  reqz i rements  f o r  s t a i n l e s s  s t e e l  

weldments, o r  thro*igh t h e  a p p l i c a t i o n s  o f  new p r o c e s s e s  t o  t h e  j o i n i n g  o f  s t a i n l e s s  

s teel .  Recommendations f o r  a r e a s  o f  f u r t h e r  s t u d y  are d i s c u s s e d  i n  t h e  fo l lowing  

s e c t i o n s .  

WELDING CONDITIONS 

I n  r e c e n t  y e a r s ,  s e v e r a l  new welding p r o c e s s e s  have been in t roduced  i n t o  

i n d u s t r y .  These i n c l u d e  Narrow-Gap, e l e c t r o s l a g ,  e l e c t r o g a s ,  h igh- frequency res i s t-  

ance welding,  and open- air  ai?d low-vacuum electron- beam welding.  The performance 

o f  t h e s e  p rocesses  w i t h  carbon and low- al loy s tee l s  o r  w i t h  v a r i o u s  nonfe r rous  

metals i n d i c a t e s  t h a t  t h e y  should be advantageous t o  u s e  t o  weld s t a i n l e s s  s teels .  

A concen t ra ted  e f f o r t  t o  develop procedures  o r  materials f o r  lise w i t h  s t a i n l e s s  

s t e e l s  has  n o t  been made. However, such an  e f f o r t  shorild p e r f e c t  t h e  weldiny; o f  

s t a i n l e s s  s tee l s  by t h e s e  p rocesses .  

SHIELDING GASES 

The gas  metal-arc welding p rocess  i s  one of t h e  common methods o f  j o i n i n g  

s t a i n l e s s  s t e e l .  The s h o r t - c i r c u i t i n g  method of  GMA welding i s  be ing  used more and 
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more f requent ly .  The maximum economic advantages of s h o r t - c i r c u i t i n g  GplA welding 

a r e  r e a l i z e d  when a sh i e ld ing  gas with a high percentage of carbon dioxide i s  used. 

However, the  weld metal  p icks  up  carbon from such sh i e ld ing  gases. The amount of 

- pickup v a r i e s  with the  percentage of carbon dioxide and poss ib ly  t h e  welding condi- 

t ions .  I n v e s t i g a t o r s  a l r eady  have shown t h a t  t h e  cor ros ion  r e s i s t a n c e  of t h e  weld 

j o i n t  i s  r e l a t e d  t o  t he  amount of carbon pickup from t h e  carbon dioxide i n  t h e  

sh i e ld ing  gas. 

da t a  on carbon pickup from sh ie ld ing  gases conta in ing  s p e c i f i c  amount of carbon 

dioxide.  This i n  t u r n  can lead  t o  the  establ ishment  of l i m i t s  on carbon dioxide 

when welding s t a i n l e s s  s t e e l s  f o r  var ious  se rv i ce  app l i ca t ions .  

Fur ther  e f f o r t s  a r e  requi red  t o  develop more ex tens ive  q u a n t i t a t i v e  

Some e f f o r t s  a l s o  have been made t o  compensate f o r  t h i s  carbon pickup. One 

approach has been t o  use very low carbon f i l l e r  wire .  L i m i t s  on w i r e  carbon content 

f o r  var ious  amounts of carbon dioxide i n  t h e  sh i e ld ing  gas would be des i r ab l e .  

CRACKING 

Numerous s t u d i e s  have been conducted i n  determining t h e  causes of f i s s u r i n g  

(microcracking) i n  s t a i n l e s s  s t e e l  weld metal  and hea t- af fec ted  zones. The cause 

of f i s s u r i n g  genera l ly  i s  a t t r i b u t e d  t o  impurity segrega t ion  i n  g ra in  boundaries. 

These s t u d i e s  have been l imi t ed  t o  a f e w  types of s t a i n l e s s  s t e e l  and exac t  l i m i t s  

have no t  been set on impuri ty  content  t o  prevent f i s su r ing .  These s t u d i e s  should 

be expanded t o  determine impurity l i m i t s  and i f  t h e  impurity content  i s  the  same 

f o r  a l l  types of s t a i n l e s s  s t e e l .  F i s su r ing  i s  f requent ly  encountered i n  columbium 

bearing s t a i n l e s s  s t e e l  (Type 347 ) .  Fur ther  e f f o r t s  are requi red  t o  i s o l a t e  t h e  

causes and cures  of f i s s u r i n g  i n  t he  columbium bear ing  s t a i n l e s s  s t e e l s .  

CORRO S I O N  

S t r e s s  cor ros ion  cracking may occur i n  weld j o i n t s  under stress ( p a r t i c u l a r l y  

r e s i d u a l  stress) i n  t he  presence of c e r t a i n  environments. 

lacking t h a t  enable a f a b r i c a t o r  o r  u s e r  t o  p red ic t  whether s t r e s s  cor ros ion  cracking 

Quan t i t a t i ve  d a t a  are 
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w i l l  occur. Such d a t a  would be e s p e c i a l l y  d e s i r a b l e  s i n c e  stress r e l i e v i n g  of 

s t a i n l e s s  s tee l  ( t h e  u s u a l  s o l u t i o n  t o  t h i s  problem) r equ i r e s  high temperatures 

and long times. S t r e s s  r e l i e v i n g  i s  not  completely r e l i a b l e  as r e s i d u a l  s t r e s s e s  

can ar ise  again on cool ing a f t e r  s t r e s s  r e l i ev ing .  

DISTORTION 

D i s t o r t i o n  i s  more s e r i o u s  with s t a i n l e s s  s t e e l  than with carbon o r  low-alloy 

s t e e l s .  D i s t o r t i o n  can be extremely s e r i o u s  i n  l a r g e  f ab r i ca t ions  o r  where dimen- 

s ions  a r e  c r i t i c a l .  L i t t l e  q u a n t i t a t i v e  d a t a  are ava i l ab l e  on amounts of d i s t o r t i o n  

t o  be expected from a p a r t i c u l a r  p a r t  conf igura t ion ,  s t a i n l e s s  s t e e l  th ickness ,  o r  

t he  u s e  of a p a r t i c u l a r  process.  Such d a t a  would enable a f a b r i c a t o r  t o  compensate 

f o r  d i s t o r t i o n  before t he  weld i s  made. 

DISSIMILAR METALS 

Welds between s t a i n l e s s  s t e e l  and carbon s t e e l  a r e  r e a d i l y  made. However, 

problems may be encountered i n  thermal cyc l ing  s e r v i c e  from stress concentrat ions 

a r i s i n g  from d i f f e rences  i n  thermal expansions of t he  s t a i n l e s s  s t e e l  and carbon 

s t e e l .  Some f i l l e r  metals have been developed t h a t  have intermediate  thermal 

expansions t o  a l l e v i a t e  t h i s  problem. However, f u r t h e r  e f f o r t  i n  t h i s  area i s  

required.  

The jo in ing  of s t a i n l e s s  s t e e l  t o  nonferrous metals i s  an a rea  of growing 

i n t e r e s t .  

brazing and d i f f u s i o n  bonding. A s  the  need f o r  j o in ing  a d d i t i o n a l  metal  combina- 

t i o n s  a r i s e s ,  f u r t h e r  development work w i l l  be needed. Requirements of these  

j o i n t s  w i l l  include both good s t r e n g t h  and cor ros ion  r e s i s t ance .  

Several  metal  combinations have been succes s fu l ly  joined t o  da t e  by 
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WELDING PROCESSES 

Welding p rocesses  t h a t  have been used f o r  j o i n i n g  s t a i n l e s s  s tee l s  are des-  

c r i b e d  b r i e f l y  i n  t h e  fo l lowing .  These p rocesses  are d e s c r i b e d  i n  c o n s i d e r a b l e  

a d d i t i o n a l  d e t a i l  i n  t h e  pub l i shed  l i t e r a t u r e  (Refs.  29,92) .  

SHIELDED METAL ARC 

Sh ie lded  metal-arc welding i s  u s u a l l y  done manually. The h e a t  r e q u i r e d  t o  

mel t  t h e  f i l l e r  metal and j o i n t  edges  i s  produced by a n  a r c  between a covered 

e l e c t r o d e  and t h e  work. The e l e c t r o d e  is  composed o f  a metal  rod coa ted  w i t h  

m a t e r i a l s  which when hea ted  by t h e  arc produce (1) a g a s  which s h i e l d s  t h e  a r c  

a r e a  from t h e  atmosphere,  (2 )  promotes e l e c t r i c a l  conduct ion a c r o s s  t h e  a r c ,  ( 3 )  

produces s l a g s  which r e f i n e  t h e  mol ten pool ,  provide some p r o t e c t i o n  from t h e  

atmosphere,  and add a l l o y i n g  e lements ,  and ( 4 )  provide materials f o r  c o n t r o l l i n g  

bead shape.  F igure  A - 1  i s  a s k e t c h  which shows t h e  b a s i c  o p e r a t i o n  o f  t h i s  

process .  

GAS TUNGSTEN-ARC WELDING 

I n  t h i s  p rocess ,  which may be used manually o r  w i t h  au tomat ic  equipment, t h e  

h e a t  t o  m e l t  both f i l l e r  metal and j o i n t  edges  i s  produced by a n  arc betw.een 

a t u n g s t e n  (nonconsumable) e l e c t r o d e  on t h e  work. A s h i e l d  o f  p r o t e c t i v e  gas  

surrounds t h e  arc and weld reg ion .  

weld. I f  i t  i s ,  it i s  no t  normally a p a r t  of t h e  arc c i r c u i t  and i s  c a l l e d  a 

F i l l e r  metal may o r  may no t  be added t o  t h e  

co ld  w i r e "  a d d i t i o n .  The p rocess  i s  o f t e n  c a l l e d  t h e  GTA o r  TIG process .  1 1  

Argon, hel ium,  o r  a mix ture  of t h e  two gases  are used f o r  s h i e l d i n g  a g a i n s t  

t h e  atmosphere.  

m a t e r i a l s .  

These g a s e s  are chemica l ly  i n e r t ,  t h e y  do n o t  react  w i t h  o t h e r  

Argon i s  more e x t e n s i v e l y  used t h a n  helium. 

F igure  A-2 i s  a s k e t c h  of a g a s  t u n g s t e n- a r c  system. 
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FIGURE A- 1. SKETCH OF SHIELD-METAL-ARC W E D I N G  OPERATIOH (Ref .  29) 
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FIGURF, 8 - 2 .  SKETCH OF A GAS TUNGSTEN-ARC WELDING SYSTEM (Ref .  29) 
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--. 
GAS METAL - ARC WELDING 

I n  t h i s  p rocess ,  it i s  used b o t h  manually and w i t h  au tomat ic  equipment;  t h e  

h e a t  t o  m e l t  f i l l e r  metal and t h e  j o i n t  edges  i s  produced by a n  arc between a 

. metal w i r e  (consumable) e l e c t r o d e  and t h e  work. Arc and weld a r e  s h i e l d e d  from 

t h e  atmosphere by a s h i e l d  of p r o t e c t i v e  g a s .  The e l e c t r o d e  i s  a smal l- diameter  

w i r e  (about  0.035 t o  0.065 inch  diameter f o r  s t a i n l e s s  s tee l )  w i t h  no c o a t i n g .  

The p rocess  i s  o f t e n  c a l l e d  t h e  GMA o r  M I G  p rocess .  

Argon, carbon d i o x i d e ,  and t h e i r  m i x t u r e s ,  and argon-ohigen m i x t u r e s  are used 

f o r  s h i e l d i n g  gases .  Argon w i t h  1 o r  2 pe rcen t  oxygen i s  g e n e r a l l y  used w i t h  

s t a i n l e s s  s tee l s .  F igure  A-3 i s  a s k e t c h  of a gas  meta l- a rc  welding system. 

SUBMERGED-ARC WELDING 

The h e a t  t o  m e l t  t h e  f i l l e r  metal and j o i n t  edges  i s  o b t a i n e d  form an  a r c  

between a base-metal  e l e c t r o d e  o r  e l e c t r o d e s  and t h e  work. The a r c  and weld zone 

i s  s h i e l d e d  by a b l a n k e t  of f l u x  which covers  t h e  j o i n t  and t h e  end of t h e  

e l e c t r o d e .  The a r c  i s  b u r i e d  beneath  t h e  f l u x .  The f l u x  i s  a g r a n u l a r  minera l  

m a t e r i a l  whose composi t ion and p r o p e r t i e s  are designed t o :  

(1) Provide p r o t e c t i o n  from t h e  a i r  dur ing  welding.  

( 2 )  Provide materials t o  deox id ize  and a l l o y  t h e  weld metal. 

( 3 )  Provide (when mel ted)  a conduct ive  path  f o r  t h e  welding c u r r e n t .  

( 4 )  Provide a s l a g  which molds t h e  s u r f a c e  of t h e  weld. 

Genera l ly ,  a n  amount o f  f lux about  equa l  t o  t h e  weight  of f i l l e r  w i r e  i s  melted 

d u r i n g  t h e  welding o p e r a t i o n .  

accomplishes  most o f  t h e  a c t i o n s  l i s t e d  above. 

i s  picked up by vacuum c l e a n i n g  equipment and r e c i r c u l a t e d  t o  t h e  weld head.  

F i g u r e  A- 4 i s  a s k e t c h  which shows t h e  d e t a i l s  of t h i s  p rocess .  

It i s  t h i s  mel ted p o r t i o n  of t h e  f l u x  which 

The unmelted p o r t i o n  of t h e  f l u x  

18 1 



Wire drive may be located 
in welding gun handle or 
at wire reel 

FIGURE A-3. SKETCH OF A GAS METAL-ARC MELDING SYSTEM ( R e f .  29) 
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FIGURE A- 4 .  SKETCH OF SUBMERGED-ARC WELDING OPERATION 
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PLASMA-ARC WELDING 

T h i s  p rocess  m e l t s  t h e  f i l l e r  meta l  and j o i n t  edges  by u s i n g  t h e  h e a t  produced.  

by pass ing  a gas  through an  arc and a n  o r i f i c e  t o  produce h igh- tempera tu re  plasma.  

Welding i s  done u s i n g  a " t r a n s f e r r e d "  a r c  which means t h a t  t h e  work h a s  t o  be p a r t  
~ 

of t h e  welding e l e c t r i c a l  c i r c u i t .  T h i s  p rocess  i s  a s p e c i a l i z e d  a d a p t i o n  o f  t h e  

gas- tungs ten- arc  process .  I n  welding,  i n e r t  gases  are u s u a l l y  used t o  form t h e  

plasma. An a d d i t i o n a l  i n e r t  gas  s h i e l d  i s  used t o  p r o t e c t  a r c ,  plasma, and weld 

from t h e  a i r .  The advantages  o f  t h e  p rocess  over  gas- tungs ten- arc  welding a r e :  

(1) Higher energy  c o n c e n t r a t i o n  

(2) Improved arc s t a b i l i t y  

( 3 )  Higher energy  t r a n s f e r .  

Using c e r t a i n  gas  f low and e l e c t r i c a l  power s e t t i n g s  t h e  a r c  p lasma t o r c h  can  

be t u r n e d  i n t o  a n  e f f e c t i v e  c u t t i n g  t o o l .  Plasma c u t t i n g  i s  p a r t i c u l a r l y  e f f e c t i v e  

w i t h  s t a i n l e s s  s tee l s  s i n c e  i t  does no t  depend on o x i d a t i o n  t o  f a c i l i t a t e  c u t t i n g .  

F igure  A-5 i s  a s k e t c h  of a plasma-arc system. 

ELECTRON- BEAM WELDING 

This  i s  a fus ion-welding p rocess  which does n o t  use  an  a r c  a s  a h e a t  source .  

The work i s  bombarded by a high- energy,  h i g h- d e n s i t y  stream of e l e c t r o n s .  

a l l  of t h e  e l e c t r o n  energy i s  t ransformed i n t o  h e a t  when t h e  e l e c t r o n s  i m p a c t  t h e  

work. A s  o r i g i n a l l y  developed,  e lect ron-beam welding was  done i n  an  evacuated 

chamber. I n  about  1963, some c a p a b i l i t y  f o r  welding a t  p r e s s u r e s  up t o  a tmospher ic  

w a s  developed. While t h i s  l o s e s  t h e  advantage of  t h e  h i g h- p u r i t y  atmosphere 

which t h e  vacuum r e p r e s e n t s ,  i t  i n c r e a s e s  t h e  a d a p t a b i l i t y  o f  t h e  p rocess .  

P r a c t i c a l l y  

One o u t s t a n d i n g  f e a t u r e  o f  e lect ron- beam welds i s  t h e  v e r y  narrow welds (h igh  

depth- to-width  r a t i o )  t h a t  c a n  be made w i t h  t h e  p rocess .  It is p o s s i b l e  t o  produce 
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\Work piece 

FIGURE A-5. SKETCH OF PUSMA-ARC TORCH AND SYSTEM ( R e f .  90) 
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welds o n l y  1/16 i n c h  wide i n  s t e e l  p l a t e  1 / 2 - i n c h - t h i c k  p l a t e .  Equipment o f  two 

t y p e s  i s  available.  One t y p e  u s e s  a c c e l e r a t i n g  v o l t a g e s  below 60,000 v o l t s  and ~ 

t h e  o t h e r  u s e s  a c c e l e r a t i n g  v o l t a g e s  above 60,000 v o l t s .  The two t y p e s  have 

c h a r a c t e r i s t i c s  which make them u s e f u l  f o r  a wide v a r i e t y  of work. 

e lec t ron-beam w e l d e r s ,  t h e  work is  n o t  a p a r t  o f  t h e  e l e c t r i c a l  c i r c u i t ,  a l t h o u g h  

I n  most 

i t  must be grounded. 

Electron-beam welders  are i n  e f f e c t  X-ray t u b e s  and produce X- rad ia t ion .  

Care must be t a k e n  t o  a s s u r e  t h a t  pe r sonne l  i s  s h i e l d e d  from t h i s  r a d i a t i o n .  

F i g u r e  A-6 shows s k e t c h e s  of  two e lec t ron- beam welding sys tems.  

RESISTANCE SPOT, SEAM, AND PROJECTION WELDING 

The h e a t  r e q u i r e d  f o r  f u s i o n  i n  t h e s e  p rocesses  i s  o b t a i n e d  by t h e  r e s i s t a n c e  

o f  t h e  p a r t s  be ing  welded t o  a r e l a t i v e l y  s h o r t  t i m e  f low of  h i g h- d e n s i t y  e l e c t r i c  

c u r r e n t .  The c u r r e n t  i s  i n t r o d u c e d  i n t o  t h e  p a r t s  by e l e c t r o d e s  o f  one type  o r  

a n o t h e r .  Force  i s  a p p l i e d  through t h e  e l e c t r o d e s  t o  m a i n t a i n  c o n t a c t  between t h e  

p a r t s  t o  a s s u r e  a con t inuous  e l e c t r i c  c i r c u i t  and t o  f o r g e  t h e  h e a t e d  pa r t s  

t o g e t h e r .  Normally a small amount o f  metal i s  mel ted  a t  t h e  f a y i n g  s u r f a c e s  of  

t h e  j o i n t .  It i s  t h e  coa lescence  o f  t h i s  mel ted  metal which c r e a t e s  t h e  weld. 

Spot welding i s  diagrammed i n  t h e  s k e t c h  i n  F i g u r e  A-7. 

A wide v a r i e t y  of equipment i s  used f o r  r e s i s t a n c e  welding.  D i f f e r e n t  t y p e s  

of c u r r e n t  are used,  a l t h o u g h  about  90 pe rcen t  of commercial i n s t a l l a t i o n s  are 

60- cycle  a l t e r n a t i n g  c u r r e n t .  

The t h r e e  t y p e s  of welds are  c h a r a c t e r i z e d  by t h e  fo l lowing :  

(1) Spot  welds are i n d i v i d u a l  welds  whose shape and s i z e  i s  determined by 

t h e  e l e c t r o d e s .  A s e r i e s  of s p o t  welds i s  u s u a l l y  used t o  make a j o i n t .  
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FIGURE A-7. SKETCX SHOWING ELECTRICAL FLOW AND 
HEAT GENERATION IN A SPOT WELD 
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(2 )  Seam welds  are a series of  over lapp ing  s p o t  welds made w i t h  c i r c u l a r  

r o t a t i n g  e l e c t r o d e s .  

(3)  P r o j e c t i o n  welds are s p o t  welds whose l o c a t i o n  i s  determined by 

p r o j e c t i o n s  formed i n t o  t h e  par ts  t o  be welded.  

Sketches  showing t h e  b a s i c  c h a r a c t e r i s t i c s  o f  t h e  t h r e e  t y p e s  o f  welding a r e  shown 

i n  t h e  s k e t c h  i n  F i g u r e  A-8. 

FLASH WELDING 

F l a s h  welding i s  a bu t t- weld ing  process  i n  which t h e  e n t i r e  area of t h e  

s u r f a c e s  t o  be welded a r e  h e a t e d  by a f low of e l e c t r i c a l  c u r r e n t  a c r o s s  t h e  

j o i n t .  The flow of  c u r r e n t  produces a f l a s h i n g  a c t i o n  which i s  t h e  f u s i n g  of 

c o n t a c t i n g  p o i n t s  o f  meta l  on t h e  s u r f a c e s  be ing  welded. F l a s h i n g  p lus  r e s i s t a n c e  

h e a t i n g  m e l t s  t h e  f a y i n g  s u r f a c e s .  When t h e  proper  temperature  i s  reached,  f o r c e  

i s  a p p l i e d  t o  u p s e t  t h e  par ts  t o g e t h e r .  

and produces a s o l i d - s t a t e  weld.  

The u p s e t  squeezes  o u t  t h e  mol ten metal 

F l a s h  welding i s  a c t u a l l y  a s o l i d - s t a t e  welding 

p rocess ,  a l t h o u g h  mol ten metal i s  invo lved  i n  p repar ing  t h e  f a y i n g  s u r f a c e s  f o r  

welding.  

p rocess .  

F igure  A- 9  i s  a s k e t c h  which shows t h e  b a s i c  c h a r a c t e r i s t i c s  of t h e  

B RAZ ING 

Brazing i s  a p rocess  i n  which a f i l l e r  metal having a m e l t i n g  p o i n t  below 

t h a t  o f  t h e  base  metal i s  used t o  make a j o i n t .  The p rocess  i s  c a l l e d  b r a z i n g  

when tempera tu res  above 800 F are r e q u i r e d  t o  make t h e  j o i n t .  It i s  c a l l e d  

s o l d e r i n g  when tempera tu res  below 800 F are used.  Brazed j o i n t s  normal ly  have 

l a r g e  areas and v e r y  small t h i c k n e s s .  Fluxes  may be used t o  c l e a n  and p r o t e c t  

t h e  j o i n t  a r e a  d u r i n g  h e a t i n g .  When f l u x e s  a r e  n o t  used,  r i g o r o u s  p rec lean ing  

and h i g h- p u r i t y  atmospheres are r e q u i r e d  t o  produce good j o i n t s .  The f i l l e r  
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metal i s  mel ted  i n  c o n t a c t  w i t h  t h e  j o i n t  area. C a p i l l a r y  f o r c e s  cause  t h e  metal 

t o  f low i n t o  t h e  j o i n t .  Because c a p i l l a r y  f o r c e s  are important  i n  de te rmin ing  

t h e  e x t e n t  and q u a l i t y  o f  t h e  j o i n t ,  it i s  n e c e s s a r y  t o  provide and m a i n t a i n  

proper c l e a r a n c e s  i n  t h e  j o i n t  d u r i n g  t h e  j o i n i n g  o p e r a t i o n .  C lea rances  o f  

0.002 i n c h  t o  0.005 inch  are common. Smal le r  o r  l a r g e r  c l e a r a n c e s  may preven t  

f low o f  t h e  f i l l e r  m e t a l  i n t o  t h e  j o i n t .  With l a r g e r  c l e a r a n c e s ,  even p rep laced  

f i l l e r  metals may f low o u t  o f  t h e  j o i n t  when t h e y  m e l t .  

SOLID-STATE WELDING 

S o l i d - s t a t e  welding i n c l u d e s  any p rocess  where two o r  more p i e c e s  o f  metal 

are m e t a l l u r g i c a l l y  j o i n e d  w i t h o u t  t h e  fo rmat ion  o f  a l i q u i d  phase.  A m e t a l l u r g i c a l  

j o i n t  i s  one i n  which t h e  weld i s  t h e  r e s u l t  of  t h e  a c t i o n  o f  a tomic f o r c e s  r a t h e r  

t h a n  mechanical  i n t e r l o c k i n g .  A l l  s o l i d - s t a t e  welding o p e r a t i o n s  r e q u i r e  f o r c e s  

which p r e s s  f a y i n g  s u r f a c e s  i n t o  c o n t a c t  w i t h  each o t h e r .  These f o r c e s  may o r  

may no t  be h igh  enough t o  cause  g r o s s  u p s e t .  S o l i d - s t a t e  welding i s  d i s c u s s e d  

i n  d e t a i l  i n  Reference 62. S o l i d - s t a t e  welding i n c l u d e s  a number o f  p rocesses ,  

bu t  t h e y  can be d i v i d e d  i n t o  two c l a s s e s :  

(1) D i f f u s i o n  welding 

(2) Deformation welding.  

D i f f u s i o n  Welding. I n  t h i s  type  o f  s o l i d - s t a t e  welding,  d i f f u s i o n  

a c r o s s  t h e  j o i n t  i n t e r f a c e  i s  p r i m a r i l y  r e s p o n s i b l e  f o r  forming t h e  weld.  Only 

a smal l  amount of deformat ion o c c u r s  d u r i n g  t h e  p rocess .  D i f f u s i o n  welding i s  

done a t  e l e v a t e d  t empera tu res .  T h i s  makes i t  easier  t o  o b t a i n  t h e  m i c r o p l a s t i c  

f low r e q u i r e d  t o  produce i n t i m a t e  c o n t a c t  of t h e  f a y i n g  s u r f a c e s  and d e c r e a s e s  t h e  

t i m e  r e q u i r e d  t o  o b t a i n  t h e  amount o f  d i f f u s i o n  and g r a i n  growth r e q u i r e d  t o  
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complete  t h e  j o i n t .  D i s s i m i l a r  m e t a l s  may o r  may no t  be used i n  t h e  j o i n t  t o  

* i n c r e a s e  d i f f u s i o n  rates. 

Deformation Welding. Deformation welding i n c l u d e s  t h o s e  p rocesses  i n  

which g r o s s  p l a s t i c  f low i s  t h e  major f a c t o r  i n  weld format ion.  D i f f u s i o n  i s  

n o t  normal ly  r e q u i r e d  f o r  weld fo rmat ion ,  a l though  i t  may c o n t r i b u t e  i f  welding 

i s  done a t  e l e v a t e d  t empera tu res .  The bonding mechanism w i t h  t h i s  process  is  n o t  

known p r e c i s e l y .  It i s  g e n e r a l l y  b e l i e v e d  t h a t  g r o s s  deformat ion b reaks  up t h e  

s u r f a c e  f i l m s  which p reven t  i n t i m a t e  c o n t a c t  a t  t h e  f a y i n g  s u r f a c e s ,  f o r c e s  clean 

s u r f a c e s  i n t o  c o n t a c t ,  and perhaps p rov ides  t h e  energy needed t o  complete weld 

format ion.  Deformation welds  a r e  produced a t  t empera tu res  from room tempera tu re  

( c o l d  welding of aluminum and copper) t o  t empera tu res  j u s t  below t h e  m e l t i n g  

p o i n t  ( u p s e t - b u t t  welding of s t e e l ) .  
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